(12) STANDARD PATENT (11) Application No. AU 2020212019 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)
(31)
(43)
(44)

(71)

(72)

(74)

(56)

Title
Methods of treating addiction

International Patent Classification(s)
A61K 9/51 (2006.01) CO7D 471/14 (2006.01)

Application No: 2020212019 (22) Date of Filing:  2020.01.23
WIPO No:  WO020/154519

Priority Data

Number (32) Date (33) Country
62/795,899 2019.01.23 us
Publication Date: 2020.07.30

Accepted Journal Date: 2025.04.17

Applicant(s)
Intra-Cellular Therapies, Inc.

Inventor(s)
LI, Peng;YAO, Wei;DAVIS, Robert;MATES, Sharon;VANOVER, Kimberly;SNYDER,
Gretchen

Agent / Attorney
Phillips Ormonde Fitzpatrick, PO Box 323, COLLINS STREET WEST, VIC, 8007, AU

Related Art

WO 2020/132605 A1
WO 2019/023062 A1
WO 2018/126143 A1
US 2017/0319580 A1
WO 2018/126140 A1




wo 2020/154519 A3 |0 00000 KO Y00 O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
30 July 2020 (30.07.2020)

(10) International Publication Number

WO 2020/154519 A3

WIPO I PCT

(51) International Patent Classification:
A61K 9/51 (2006.01) CO7D 471/14 (2006.01)

(21) International Application Number:
PCT/US2020/014818

(22) International Filing Date:
23 January 2020 (23.01.2020)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
62/795,899 23 January 2019 (23.01.2019) UsS

(71) Applicant: INTRA-CELLULAR THERAPIES, INC.
[US/US]; 430 East 29th Street, Suite 900, New York, New
York 10016 (US).

(72) Inventors: LI, Peng; c/o Intra-Cellular Therapies, Inc., 430
East 29th Street, Suite 900, New York, New York 10016
(US). YAO, Wei, c/o Intra-Cellular Therapies, Inc., 430
East 29th Street, Suite 900, New York, New York 10016
(US). DAVIS, Robert; c/o Intra-Cellular Therapies, Inc.,
430 East 29th Street, Suite 900, New York, New York
10016 (US). MATES, Sharon; c/o Intra-Cellular Thera-
pies, Inc., 430 East 29th Street, Suite 900, New York, New
York 10016 (US). VANOVER, Kimberly; c/o Intra-Cel-
Iular Therapies, Inc., 430 East 29th Street, Suite 900, New
York, New York 10016 (US). SNYDER, Gretchen; c/o In-
tra-Cellular Therapies, Inc., 430 East 29th Street, Suite 900,
New York, New York 10016 (US).

(74) Agent: POKER, Cory; Hoxie & Associates LLC, 75 Main

Street, Suite 203, Millburn, New Jersey 07041 (US).
(81)

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, WS, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE,LR, LS, MW, MZ, NA,RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(88) Date of publication of the international search report:
17 September 2020 (17.09.2020)

(54) Title: METHODS OF TREATING ADDICTION

(57) Abstract: The invention relates to particular substituted heterocycle fused gamma-carbolines, in free, solid, pharmaceutically
acceptable salt and/or substantially pure form as described herein, pharmaceutical compositions thereof, for use in methods for the

treatment or prevention of opiate addiction relapse.



WO 2020/154519 PCT/US2020/014818

METHODS OF TREATING ADDICTION

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is an international application which claims priority to and the benefit of
U.S. Provisional Application Serial No. 62/795,899, filed on January 23, 2019, the contents of

which are hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

[0001] The invention relates to the use of particular substituted heterocycle fused gamma-
carbolines, in free or pharmaceutically acceptable salt and/or substantially pure form as described
herein, pharmaceutical compositions thereof, for the treatment and/or prevention of opiate addiction
relapse.

BACKGROUND OF THE INVENTION
[0002] Substituted heterocycle fused gamma-carbolines are known to be agonists or antagonists
of 5-HT2 receptors, particularly 5-HT2a receptors, in treating central nervous system disorders.
These compounds have been disclosed in U.S. Pat. No. 6,548,493; 7,238,690; 6,552,017, 6,713,471,
7,183,282; U.S. RE39680, and U.S. RE39679, as novel compounds useful for the treatment of
disorders associated with 5-HT2a receptor modulation such as obesity, anxiety, depression,
psychosis, schizophrenia, sleep disorders, sexual disorders migraine, conditions associated with
cephalic pain, social phobias, gastrointestinal disorders such as dysfunction of the gastrointestinal
tract motility, and obesity. U.S. Patent 8,309,722, and U.S. Patent 7,081,455, also disclose methods
of making substituted heterocycle fused gamma-carbolines and uses of these gamma-carbolines as
serotonin agonists and antagonists useful for the control and prevention of central nervous system
disorders such as addictive behavior and sleep disorders.
[0003] In addition, U.S. Patent 8,598,119 discloses use of particular substituted heterocycle
fused gamma-carbolines for the treatment of a combination of psychosis and depressive disorders as
well as sleep, depressive and/or mood disorders in patients with psychosis or Parkinson's disease. In
addition to disorders associated with psychosis and/or depression, this patent application discloses
and claims use of these compounds at a low dose to selectively antagonize 5-HT2a receptors without
affecting or minimally affecting dopamine D> receptors, thereby useful for the treatment of sleep

disorders without the side effects associated with high occupancy of the dopamine D2 pathways or
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side effects of other pathways (e.g., GABAareceptors) associated with conventional sedative-
hypnotic agents (e.g., benzodiazepines) including but not limited to the development of drug
dependency, muscle hypotonia, weakness, headache, blurred vision, vertigo, nausea, vomiting,
epigastric distress, diarrhea, joint pains, and chest pains. U.S. Patent 8,648,077 also discloses
methods of preparing toluenesulfonic acid addition salt crystals of these substituted heterocycle
fused gamma-carbolines.

[0004] In addition, without being bound by theory, recent evidence shows that some of the
aforementioned substituted fused heterocycle gamma carbolines may operate, in part, through
NMDA receptor antagonism via mTORI1 signaling, in a manner similar to that of ketamine.
Ketamine is a selective NMDA receptor antagonist. Ketamine acts through a system that is unrelated
to the common psychogenic monoamines (serotonin, norepinephrine and dopamine), and this is a
major reason for its much more rapid effects. Ketamine directly antagonizes extrasynaptic
glutamatergic NMDA receptors, which also indirectly results in activation of AMPA-type glutamate
receptors. The downstream effects involve the brain-derived neurotrophic factor (BDNF) and
mTORCI1 kinase pathways. Similar to ketamine, recent evidence suggests that compounds related to
those of the present disclosure enhance both NMDA and AMPA-induced currents in rat medial
prefrontal cortex pyramidal neurons via activation of D1 receptors, and that this is associated with
increased mTORCI signaling. International application PCT/US2018/043100 discloses such effects
for certain substituted fused heterocycle gamma-carbolines, and useful therapeutic indications
related thereto.

[0005] The publication US 2017/319580 discloses additional novel fused heterocycle gamma
carbolines. These new compounds were found to display serotonin receptor inhibition, SERT
inhibition, and dopamine receptor modulation. However, these compounds were also unexpectedly
found to show significant activity at mu-opiate receptors. Analogs of these novel compounds have
also been disclosed, for example, in publications WO 2018/126140 and WO 2018/126143, and their
counterpart publications US 2019/0330211 and US 2019/0345160, respectively, the contents of
which are hereby incorporated by reference in their entireties.

[0006] For example, the Compound of Formula A, shown below, is a potent serotonin 5S-HT2a
receptor antagonist and mu-opiate receptor partial agonist or biased agonist. This compound also

interacts with dopamine receptors, in particular dopamine D1 receptors.
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Formula A
It is also believed that the Compound of Formula A, via its D1 receptor activity, may also enhance
NMDA and AMPA mediated signaling through the mTOR pathway. The Compound of Formula A
is thus useful for the treatment or prophylaxis of central nervous system disorders, including opiate
addiction, such as opiate use disorder.
[0007] Drug dependency disorders, such as opiate use disorder (OUD), are a group of disorders
which are difficult to successfully treat. Opioid overdoses claim approximately 100 lives in the
United States every day, and the opioid epidemic continues to grow in the United States.
Methadone, buprenorphine, and naltrexone are the most frequently used treatments for OUD.
Methadone is a mu-opioid receptor (MOP) agonist, buprenorphine is an MOP partial agonist, and
naltrexone is an MOP antagonist. Each of these agents has had limited success in treating addiction
and preventing relapse, and long-term adherence to prescribed therapies for OUD remains low. In
addition, these treatments often exacerbate common co-morbidities associated with OUD, such as
mood and anxiety disorders, which further increases the risk of remission. Abrupt opioid abuse
withdrawal (i.e., going “cold turkey”) is also associated with severe side effects, including
dysphoria, depression and anxiety, and the common treatment agents do not address these problems,
and may make them worse. There is thus an urgent need for improved OUD treatments.
[0008] Drug addiction is known as a “relapsing disease” because relapse is very common among
drug addicts. Repeated drug use causes changes in the brain which affect a person’s ability to exert
self-control and to resist cravings. More than 85% of recovering addicts succumb to relapse and
return to active drug use within a year of beginning treatment. Recovering drug addicts remain at an

increased risk of relapse for many years after initiating treatment.
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[0009] Recovering addicts nearly always return to drug use in response to drug-related cues. The
most common triggers for relapse are stress cues linked to drug use, such as people (friends or
dealers), places (places where they used to abuse or buy drugs), things (such as drug paraphernalia)
and moods (such as anxiety or depression). These triggers are a by-product of addiction’s two-stage
process of formation. First, reward functions in the brain become hyper-stimulated—drug abuse
actives the dopamine-mediated reward pathway in the brain, which brings feelings of happiness or
relaxation to the user and encourages repeat performance. Second, repeated overstimulation of the
reward centers in the brain results in long-term changes in memory, impulsivity and decision-
making. Human brain-imaging studies even show that drug use alters the connections between the
ventral tegmental area (part of the reward center) of the brain and the memory hubs of the brain
(such as the hippocampus).

[00010] Scientists have developed reliable animal models demonstrating this relapse process. For
example, numerous studies show that rats will quickly learn to press a lever which delivers addicting
drugs in preference to levers delivering food or water. The animals will even forego normal
behaviors, such as eating and sleeping, in favor of attaining the “high” from the drugs. These rats
will also remember the environment in which they attained the high, and it will form an association.
Thus, when the rats are moved to cages having only food and water levers, they accept that no drug
is available and will return to their normal habit of pressing the levers for food and water delivery.
Upon being returned to the first environment, however, with the third lever delivering drugs, they
will become triggered and will actively seek the drug reward expectation (even when the third lever
is hooked up to saline).

[00011] Relapse is a gradual process, and it can begin weeks or even months before a person
returns to drug use. Psychologists commonly recognize three stages of relapse: (1) an emotional
stage, marked by feelings of stress, anxiety or depression, which are often the moods which the
recovering addict’s brain associates with prior times of drug abuse; (2) a mental stage, in which the
recovering addict first begins to consciously contemplate returning to drug use, including thoughts
of justification (e.g., “I need it today but I'll just use it once and that’s it”); and (3) a physical stage,
in which the addict takes the step of actually using drugs again. Most current methods of preventing
relapse are aimed at interrupting the psychological process which leads to relapse. This includes
teaching addicts to avoid high-risk situations which can trigger relapse, and developing

psychological coping tools and techniques so that the relapse process does not progress. This
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includes cognitive-behavioral therapy. However, where such techniques are unsuccessful and
relapse advances to the point of drug use, then addicts may have to begin a detoxification program
again.

[00012] Relapse can be particularly dangerous for recovering addicts because it may prompt
them to return to a level of drug use that they are no longer adapted to. People who take addicting
drugs, especially opiates, are known to develop physical tolerance. This is mediated by changes in
the expression levels of cellular receptors, such as the mu-opiate receptor. Continuing abuse of
drugs such as opiates results in down-regulation of the receptors, with the effect that higher and
higher doses of drug are required to achieve the same physiological effects. Thus, a long-
experienced addict can take relatively large doses of drug without risk of overdose. However, the
same addict, after a period of abstinence, will have returned to a more drug-naive state (i.e., with
higher levels of opiate receptor expression). A relapsing addict who then takes a dose of drug
comparable to when he was last using will be at a substantial risk of fatal overdose.

[00013]  Existing treatments for opiate addiction often do not effectively prevent relapse.
Under most treatment programs, recovering addicts undergo only thirty days of treatment with
drugs such as methadone, or less commonly, buprenorphine or naltrexone. Methadone is the
preferred agent for the initial detoxification period as it is effective in reducing the symptoms of
withdrawal syndrome. Typically, these agents are administered for only a short period of time,
such as 1 to 3 months. Methadone has also been used for longer term treatment with varying
effectiveness (only 60% of recovering addicts are retained in treatment at 1 year, and 15% of
addicts underdoing methadone maintenance still use illicit opiates).

[00014]  Thus, there is a need for agents with an improved ability to prevent opiate addiction
relapse.

[00014a] The discussion of documents, acts, materials, devices, articles and the like is
included in this specification solely for the purpose of providing a context for the present
invention. It is not suggested or represented that any or all of these matters formed part of the
prior art base or were common general knowledge in the field relevant to the present invention
as it existed before the priority date of each claim of this application.

[00014b] Where the terms "comprise"”, "comprises”, "comprised" or "comprising" are used

in this specification (including the claims) they are to be interpreted as specifying the presence
of the stated features, integers, steps or components, but not precluding the presence of one or

more other features, integers, steps or components, or group thereof.
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SUMMARY OF THE INVENTION
[00015]  The present disclosure provides a method for the treatment or prevention of opiate
addiction relapse (e.g., for detoxification and maintenance treatment of opioid addiction or
prevention of relapse to opioid addiction), comprising administering to a patient in need thereof a
Compound of Formula I, or a pharmaceutical composition thereof, wherein the Compound of

Formula I is;

5a
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H N
N H
R1/NT(\\R2
o R
Formula I
wherein:
Rlis H, Ci-salkyl, -C(0)-0-C(R*RP)(R®), -C(0)-0O-CH2-O-C(RHRPHR®) or -C(R®)(R)-O-
C(O)-R%;

R? and R? are independently selected from H, D, Cialkyl (e.g., methyl), Cialkoxy (e.g.,
methoxy), halo (e.g., F), cyano, or hydroxy;

L is Cisalkylene (e.g., ethylene, propylene, or butylene), Cisalkoxy (e.g., propoxy or
butoxy), Ca3alkoxyCi.alkylene (e.g., CH2CH>OCH»), Ci.salkylamino or N-Ci.salkyl Ci.
salkylamino (e.g., propylamino or N-methylpropylamino), Ci.salkylthio (e.g., -
CH>CH>CH-»S-), Cisalkylsulfonyl (e.g., -CH2CH2CH2S(O)2-), each of which is optionally
substituted with one or more R* moieties;

each R is independently selected from C-6alkyl (e.g., methyl), Cialkoxy (e.g., methoxy),
halo (e.g., F), cyano, or hydroxy;

Z is selected from aryl (e.g., phenyl) and heteroaryl (e.g., pyridyl, indazolyl, benzimidazolyl,
benzisoxazolyl), wherein said aryl or heteroaryl is optionally substituted with one or more R*
moieties;

R? is -C(RY)(RP)(R®), -O-C(R)(R®)R), or -N(RY)(R®);

R? R and R® are each independently selected from H and C-z4alkyl;

RY and R® are each independently selected from H and Cj-24alkyl;

R® and R’ are each independently selected from H, Ci.ealkyl, carboxy and Ci-
salkoxycarbonyl;

in free or salt form (e.g., pharmaceutically acceptable salt form), for example in an isolated

or purified free or salt form (e.g., pharmaceutically acceptable salt form).

[00015a] The present disclosure provides a method for the maintenance treatment of opioid
addiction or prevention of relapse to opioid addiction, comprising administering to a patient in need

thereof a Compound of Formula I:
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Formula |

R!is H;

R? and R? are independently selected from H and D;

L is propoxy;

Z is phenyl substituted by halo (e.g., F);

in free or pharmaceutically acceptable salt form.
[00015b] In additional aspects, the present disclosure further provides use of a compound as
described herein in free or pharmaceutically acceptable salt form, in the manufacture of a
medicament for the maintenance treatment of opioid addiction or prevention of relapse to opioid
addiction.
[00016] In additional aspects, the present disclosure further provides use of a Compounds of the
present disclosure, e.g., a Compound of Formula I, in the manufacture of a medicament for the

treatment or prevention of opiate addiction relapse. The present disclosure further provides a

6a
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Compound of the present disclosure, e.g., a Compound of Formula I, for use in the treatment or

prevention of opiate addiction relapse.

DETAILED DESCRIPTION OF THE INVENTION

[00017] In a first aspect, the present disclosure provides a method (Method 1) for the treatment or
prevention of opiate addiction relapse (e.g., for detoxification and maintenance treatment of opioid
addiction or prevention of relapse to opioid addiction), comprising administering to a patient in need
thereof a Compound of Formula I, or a Pharmaceutical Composition I, I-A, I-B, I-C, or any of P.1-

P.7 comprising a Compound of Formula I, wherein the Compound of Formula I is:

L=z
H ,—N
N H
R1/N\"(\\R2
o f
Formula I
wherein:
R!is H, Crealkyl, -C(0)-O-C(R¥)(RP)(R®), -C(0)-0O-CH2-O-C(R*)(RP)(R®) or -C(R®)(R)-O-
C(O)-R?;

R? and R? are independently selected from H, D, Cisalkyl (e.g., methyl), Ci¢alkoxy (e.g.,
methoxy), halo (e.g., F), cyano, or hydroxy;

L is Ciealkylene (e.g., ethylene, propylene, or butylene), Cisalkoxy (e.g., propoxy or
butoxy), CasalkoxyCisalkylene (e.g., CH2CH2OCHz), Cisalkylamino or N-Ciealkyl Ci-
salkylamino (e.g., propylamino or N-methylpropylamino), Ci.¢alkylthio (e.g., -
CH>CH2CH>S-), Ciealkylsulfonyl (e.g., -CH2CH2CH2S(O)2-), each of which is optionally
substituted with one or more R* moieties;

each R* is independently selected from Cisalkyl (e.g., methyl), Cisalkoxy (e.g., methoxy),
halo (e.g., F), cyano, or hydroxy;
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Z is selected from aryl (e.g., phenyl) and heteroaryl (e.g., pyridyl, indazolyl, benzimidazolyl,
benzisoxazolyl), wherein said aryl or heteroaryl is optionally substituted with one or more R*
moieties;

R? is -C(RH(R")(R®), -O-C(RH(R")(R), or -N(R)(R®);

R%, R® and R are each independently selected from H and Cj-4alkyl;

RY and R® are each independently selected from H and C;-p4alkyl;

RS and R” are each independently selected from H, Ci.alkyl, carboxy and Ci-

calkoxycarbonyl;

in free or salt form (e.g., pharmaceutically acceptable salt form), for example in an isolated

or purified free or salt form (e.g., pharmaceutically acceptable salt form).
[00018] The present disclosure provides additional exemplary embodiments Method 1, including:

1.1 Method 1, comprising the compound of Formula I wherein R! is H;

12 Method 1, comprising the compound of Formula I wherein R! is Cialkyl, e.g.,
methyl;

1.3 Method 1, comprising the compound of Formula I wherein R! is -C(0)-O-
CRHR")(R®);

14 Method 1.3, comprising the compound of Formula I wherein R*is H and R and R®
are each independently selected from Ci-a4alkyl, e.g., Ciaoalkyl, Cs-20alkyl, Co-
1salkyl, Cio-16alkyl, or Crialkyl, Ci2alkyl, Cizalkyl, Cisalkyl, Cisalkyl or Cisalkyl;

1.5 Method 1.3, comprising the compound of Formula I wherein R* and R® are H and R®
is Cia4alkyl, e.g., Ciaoalkyl, Cs.oalkyl, Cosalkyl, Cio-16alkyl, or Crialkyl, Cioalkyl,
Cizalkyl, Cisalkyl, Cisalkyl or Ciealkyl;

1.6 Method 1.3, comprising the compound of Formula I wherein R?, R® and R are each
independently selected from Ciosalkyl, e.g., Ciooalkyl, Cs.ooalkyl, Co-1galkyl, Cio-
16alkyl, or Ciialkyl, Croalkyl, Cisalkyl, Cisalkyl, Cisalkyl or Ciealkyl;

1.7 Method 1.3, comprising the compound of Formula I wherein R?, R® and R are each
H;

1.8 Method 1.3, comprising the compound of Formula I wherein R* and R® are H and R®
is Cio-1salkyl (e.g., R® is CH3(CH2)10 or CH3(CH2)14);

1.9  Method 1, wherein R! is -C(0)-O-CHz-O-C(R*)(R)(R®);
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1.10

1.11

1.12

1.13

1.14

1.15

1.16

1.17

1.18

1.19

1.20

1.21

Method 1.9, comprising the compound of Formula I wherein R*is H and R® and R®
are each independently selected from Ci-a4alkyl, e.g., Ciaoalkyl, Cs-20alkyl, Co-
1salkyl, Cio-16alkyl, or Crialkyl, Ci2alkyl, Cizalkyl, Cisalkyl, Cisalkyl or Cisalkyl;
Method 1.9, comprising the compound of Formula I wherein R* and R® are H and R®
is Cia4alkyl, e.g., Ciaoalkyl, Csaoalkyl, Co.13alkyl, Cio-16alkyl, or Ciialkyl, Ciaalkyl,
Cizalkyl, Cisalkyl, Cisalkyl or Ciealkyl;

Method 1.9, comprising the compound of Formula I wherein R?, R® and R are each
independently selected from Ciosalkyl, e.g., Ciooalkyl, Cs.ooalkyl, Co-1galkyl, Cio-
16alkyl, or Crialkyl, Crzalkyl, Cizalkyl, Ciaalkyl, Cisalkyl or Ciealkyl;

Method 1.9, comprising the compound of Formula I wherein R?, R® and R are each
H;

Method 1, comprising the compound of Formula I wherein R! is -C(R®)(R”)-O-C(O)-
R®, and R® is -C(RH)(RP)(R);

Method 1, comprising the compound of Formula I wherein R! is -C(R®)(R”)-O-C(O)-
R®, and R® is -O-C(RH)(R")(R®);

Method 1.14 or 1.15, comprising the compound of Formula I wherein R* is H and R®
and R¢ are each independently selected from Ci24alkyl, e.g., Ciz0alkyl, Csoalkyl, Co-
1salkyl, Cio-16alkyl, or Crialkyl, Ci2alkyl, Cizalkyl, Cisalkyl, Cisalkyl or Cisalkyl;
Method 1.14 or 1.15, comprising the compound of Formula I wherein R? and R® are
H and R is Ci24alkyl, e.g., Cia0alkyl, Cs20alkyl, Co.1salkyl, Cio-16alkyl, or Crialkyl,
Crzalkyl, Ciszalkyl, Csalkyl, Cisalkyl or Ciealkyl;

Method 1.14 or 1.15, comprising the compound of Formula I wherein R?, R® and R®
are each independently selected from Ci-a4alkyl, e.g., Ciaoalkyl, Cs-20alkyl, Co-
1salkyl, Cio-16alkyl, or Crialkyl, Ci2alkyl, Cizalkyl, Cisalkyl, Cisalkyl or Cisalkyl;
Method 1.14 or 1.15, comprising the compound of Formula I wherein R?, R® and R®
are each H;

Any of Methods 1.14-1.19, comprising the compound of Formula I wherein RS is H,
and R” is Cysalkyl (e.g., R”is methyl or isopropyl), and R® is Cig-14alkyl (e.g., R® is
CH3(CHa2)10 or CH3(CHb2)14);

Method 1, comprising the compound of Formula I wherein R! is -C(R®)(R”)-O-C(O)-
R®, and R® is -N(RY)(R®);
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1.22

1.23

1.24

1.25

1.26

1.27

1.28

1.29

1.30

1.31

1.32

1.33

1.34

Method 1.21, comprising the compound of Formula I wherein R? is H and R® is
independently selected from Ciosalkyl, e.g., Ciooalkyl, Cs.ooalkyl, Co-1galkyl, Cio-
16alkyl, or Ciialkyl, Croalkyl, Cisalkyl, Cisalkyl, Cisalkyl or Ciealkyl;

Method 1.21, comprising the compound of Formula I wherein R? and R are each
independently selected from Ciosalkyl, e.g., Ciooalkyl, Cs.ooalkyl, Co-1galkyl, Cio-
16alkyl, or Ciialkyl, Croalkyl, Cisalkyl, Cisalkyl, Cisalkyl or Ciealkyl;

Method 1.21, comprising the compound of Formula I wherein R¢ and R€ are each H;
Any of Methods 1.14-1.24, comprising the compound of Formula I wherein R® is H
and R’ is H;

Any of Methods 1.14-1.24, comprising the compound of Formula I wherein R®is Ci.
salkyl and R” is Ci6alkyl;

Any of Methods 1.14-1.24, comprising the compound of Formula I wherein R® is H
and R’ is Ci.salkyl;

Any of Methods 1.14-1.24, comprising the compound of Formula I wherein R® is H
and R’ is carboxy;

Any of Methods 1.14-1.24, comprising the compound of Formula I wherein R® is H
and R’ is Ci¢alkoxycarbonyl, e.g., ethoxycarbonyl or methoxycarbonyl;

Method 1, or any of 1.1-1.29, comprising the compound of Formula I wherein R? and
R3 are H;

Method 1, or any of 1.1-1.29, comprising the compound of Formula I wherein R? is
H and R3is D;

Method 1, or any of 1.1-1.29, comprising the compound of Formula I wherein R? and
R3 are D;

Method 1, or any of 1.1-1.32, comprising the compound of Formula I wherein L is
Ciealkylene (e.g., ethylene, propylene, or butylene), Cisalkoxy (e.g., propoxy), Ca-
salkoxyCiszalkylene (e.g., CH2CH20CH2) Ciealkylamino (e.g., propylamino or N-
methylpropylamino), or Ciealkylthio (e.g., -CH2CH2CH»S-), optionally substituted
with one or more R* moieties;

Method 1.33, comprising the compound of Formula I wherein L is unsubstituted Ci-

salkylene (e.g., ethylene, propylene, or butylene);
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1.35

1.36

1.37

1.38

1.39

1.40

1.41

1.42

1.43

1.44

1.45

1.46

1.47

1.48

Method 1.33, comprising the compound of Formula I wherein L is Cisalkylene (e.g.,
ethylene, propylene, or butylene), substituted with one or more R* moieties;

Method 1.33, comprising the compound of Formula I wherein L is unsubstituted Ci-
calkyoxy (e.g., propoxy or butoxy);

Method 1.33, comprising the compound of Formula I wherein L is Ci¢alkoxy (e.g.,
propoxy or butoxy), substituted with one or more R* moieties;

Method 1.33, comprising the compound of Formula I wherein L is unsubstituted Cz-
salkoxyCisalkylene (e.g., CH2CH20OCH2);

Method 1.33, comprising the compound of Formula I wherein L is C2salkoxyCi-
salkylene (e.g., CH2CH20CH2), substituted with one or more R* moieties;

Method 1, or any of 1.1-1.39, comprising the compound of Formula I wherein R!, R?
and R? are each H;

Method 1, or any of 1.1-1.40, comprising the compound of Formula I wherein L is —
(CH2)n-X-, and wherein n is an integer selected from 2, 3 and 4, and X is selected
from -O-, -S-, -NH-, -N(Calkyl)-, and CHz;

Method 1.41, comprising the compound of Formula I wherein L is -(CHz2)s-X-, and
wherein n is an integer selected from 2, 3 and 4, and X is -O-;

Method 1.41, comprising the compound of Formula I wherein L is -(CHz2)s-X-, and
wherein n is 3, and X is selected from -O-,-S-, -NH- and -N(Ci.salkyl)- (e.g., -
N(CH3)-);

Method 1.41, comprising the compound of Formula I wherein L is -(CHz2)s-X-, and
wherein n is 3, and X is CHo;

Method 1, or any of 1.1-1.44, comprising the compound of Formula I wherein Z is
aryl (e.g., phenyl), optionally substituted with one or more R* moieties;

Method 1.45, comprising the compound of Formula I wherein Z is aryl (e.g., phenyl),
substituted with one or more R* moieties;

Method 1.46, comprising the compound of Formula I wherein Z is phenyl substituted
with one, two, three or four R* moieties;

Method 1.46, comprising the compound of Formula I wherein the one, two three or
four R* moieties are independently selected from halo (e.g., fluoro, chloro, bromo or

iodo) and cyano;
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1.49

1.50

1.51

1.52

1.53

1.54

1.55

1.56

1.57

1.58

1.59

Method 1.46, comprising the compound of Formula I wherein Z is phenyl substituted
with one R* moiety selected from halo (e.g., fluoro, chloro, bromo or iodo) and cyano
(e.g., Z is 4-fluorophenyl, or 4-chlorophenyl, or 4-cyanophenyl);

Method 1.46, comprising the compound of Formula I wherein Z is phenyl substituted
with one fluoro (e.g., 2-fluorophenyl, 3-fluorophenyl or 4-flourophenyl);

Method 1.46, comprising the compound of Formula I wherein Z is 4-fluoroophenyl;
Method I, or any of 1.1-1.44, comprising the compound of Formula I wherein Z is
heteroaryl (e.g., pyridyl, indazolyl, benzimidazolyl, benzisoxazolyl), optionally
substituted with one or more R* moieties;

Method 1.52, comprising the compound of Formula I wherein said heteroaryl is a
monocyclic 5-membered or 6-membered heteroaryl (e.g., pyridyl, pyrimidyl,
pyrazinyl, thiophenyl, pyrrolyl, thiophenyl, furanyl, imidazolyl, oxazolyl, isoxazolyl,
thiazolyl);

Method 1.53, comprising the compound of Formula I wherein said heteroaryl is
selected from pyridyl, pyrimidinyl and pyrazinyl;

Method 1.52, comprising the compound of Formula I wherein said heteroaryl is a
bicyclic 9-membered or 10-membered heteroaryl (e.g., indolyl, isoindolyl,
benzfuranyl, benzthiophenyl, indazolyl, benzimidazolyl, benzoxazolyl,
benzisoxazolyl, benzthiazolyl, quinolinyl, isoquinolinyl, quinoxalinyl, quinazolinyl,
benzodioxolyl, 2-oxo-tetrahydroquinolinyl);

Method 1.55, comprising the compound of Formula I wherein said heteroaryl is
selected from indazolyl, benzisoxazolyl, quinolinyl, benzodioxolyl, and 2-oxo-
tetrahydroquinolinyl);

Method 1.55, comprising the compound of Formula I wherein said heteroaryl is
selected from indazolyl, benzisoxazolyl, and quinolinyl);

Any of Methods 1.52-1.57, comprising the compound of Formula I wherein said
heteroaryl is substituted with one, two, three or four R* moieties:

Method 1.58, comprising the compound of Formula I wherein the one, two three or
four R* moieties are independently selected from halo (e.g., fluoro, chloro, bromo or

iodo), cyano, hydroxy, or Ciealkoxy (e.g., methoxy);
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1.60

1.61

Method 1.58 or 1.59, comprising the compound of Formula I wherein said heteroaryl
is substituted with one R* moiety selected from halo (e.g., fluoro, chloro, bromo or
iodo) and cyano (e.g., said heteroaryl is 6-fluoro-3-indazolyl, 6-chloro-3-indazolyl, 6-
fluoro-3-benzisoxazolyl, or 5-chloro-3-benzisoxazolyl);

Method 1, or any of 1.1-1.60, comprising the compound of Formula I wherein the

compound is selected from the group consisting of:
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each independently in free, or pharmaceutically acceptable salt form;

1.62 Method 1, or any of 1.1-1.60, comprising the compound of Formula I wherein the

compound is selected from the group consisting of:

(@)
H ~T0 \
N N
N
HN»_J H
0]
e
HN))N H
0]

each independently in free or pharmaceutically acceptable salt form;

15



WO 2020/154519 PCT/US2020/014818

1.63  Method 1, or any of 1.1-1.60, comprising the compound of Formula I wherein the

compound is selected from the group consisting of:

o y /©/CN
T e
e Sy e
HN N >_/

H
}_/ H O

HN)JNH

O
each independently in free or pharmaceutically acceptable salt form;
1.64 Method 1, or any of 1.1-1.61, comprising the compound of Formula I wherein the

compound is

in free or pharmaceutically acceptable salt form;

1.65 Method 1, or any of 1.1-1.64, comprising the compound of Formula I in free form;

1.66 Method 1, or any of 1.1-1.64, comprising the compound of Formula I in salt form,
e.g., pharmaceutically acceptable salt form;

1.67 Method 1, or any of 1.1-1.64, comprising the compound of Formula I wherein the
compound is in acid addition salt form, for example, hydrochloric or toluenesulfonic

acid salt form;
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1.68

1.69

1.70

1.71

1.72

1.73

1.74

1.75

1.76

1.77

1.78

1.79

Method 1, or any of 1.1-1.67, comprising the compound of Formula I in substantially
pure diastereomeric form (i.e., substantially free from other diastereomers);

Method 1, or any of 1.1-1.67, comprising the compound of Formula I having a
diastereomeric excess of greater than 70%, preferably greater than 80%, more
preferably greater than 90% and most preferably greater than 95%;

Method 1, or any of 1.1-1.69, comprising the compound of Formula I in solid form,
e.g., in crystal form;

Method 1, or any of 1.1-1.70, comprising the compound of Formula I in isolated or
purified form (e.g., in at least 90% pure form, or at least 95% or at least 98% or at
least 99%);

Method 1 or any of 1.1-1.71, wherein the compound of Formula I is administered in
the form of a pharmaceutical composition comprising the compound of Formula I in
admixture with a pharmaceutically acceptable diluent or carrier;

Method 1.72, wherein the compound of Formula I is in pharmaceutically acceptable
salt form in admixture with a pharmaceutically acceptable diluent or carrier;

Method 1.72 or 1.73, wherein the pharmaceutical composition is a sustained release
or delayed release formulation, e.g., according to Pharmaceutical Composition 1-A as
described herein;

Method 1.72, 1.73 or 1.74, wherein the pharmaceutical composition comprises the
Compound of Formula I in a polymeric matrix, e.g., according to Pharmaceutical
Composition 1-B as described herein;

Any of Methods 1.72-1.75, wherein the pharmaceutical composition is formulated as
an osmotic controlled release oral delivery system, e.g., according to Pharmaceutical
Composition 1-C or any of P.1 to P.7, as described herein;

Any of Methods 1.72-1.76, wherein the pharmaceutical composition is in the form of
a tablet or capsule;

Any of Methods 1.72-1.77, wherein the pharmaceutical composition is formulated for
oral, sublingual, or buccal administration;

Any of Methods 1.72-1.78, wherein the pharmaceutical composition is a rapidly-
dissolving oral tablet (e.g., a rapidly dissolving sublingual tablet);
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1.80  Any of Methods 1.72-1.76, wherein the pharmaceutical composition is formulated for
intranasal or intrapulmonary administration (e.g., as an aerosol, mist, or powder for
inhalation);

1.81  Any of Methods 1.72-1.75, wherein the pharmaceutical composition is formulated for
administration by injection, for example, as a sterile aqueous solution;

1.82  Method 1.81, wherein the pharmaceutical composition is formulated for intravenous,
intrathecal, intramuscular, subcutaneous or intraperitoneal injection.

[00019]  As used herein, the term “Compound of the present disclosure” refers any of the
compounds described in Method 1 or the compounds described in any of the embodiments of
Methods 1.1 to 1.71. References herein to a compound according to any one or more embodiments
of Methods 1.1 to 1.71 therefore refers to the compound as described in said method(s).

[00020] In some embodiments, Method 1 comprises the administration of a Compound of the
present disclosure in the form of a for a sustained or delayed release formulation (Pharmaceutical
Composition 1-A), e.g., a depot formulation. In some embodiments, the Compound of Formula I or
any of 1.1-1.71 is provided, preferably in free or pharmaceutically acceptable salt form, in admixture
with a pharmaceutically acceptable diluent or carrier, in the form of an injectable depot, which
provides sustained or delayed release of the compound.

[00021] In a particular embodiment, the Pharmaceutical Composition 1-A comprises a
Compound of Formula I, or any Compound of the present disclosure, in free base or
pharmaceutically acceptable salt form, optionally in crystal form, wherein the compound has been
milled to, or the compound crystallized to, a microparticle or nanoparticle size, e.g., particles or
crystals having a volume-based particle size (e.g., diameter or Dv50) of 0.5 to 100 microns, for
example, for example, 5-30 microns, 10-20 microns, 20-100 microns, 20-50 microns or 30-50
microns. Such particles or crystals may be combined with a suitable pharmaceutically acceptable
diluent or carrier, for example water, to form a depot formulation for injection. For example, the
depot formulation may be formulated for intramuscular or subcutaneous injection with a dosage of
drug suitable for 4 to 6 weeks of treatment. In some embodiments, the particles or crystals have a
surface area of 0.1 to 5 m*/g, for example, 0.5 to 3.3 m%/g or from 0.8 to 1.2 m*/g.

[00022] In another embodiment, the present disclosure provides a Pharmaceutical Composition I-
B, which is Pharmaceutical Composition I, wherein the Compound of Formula I (or any Compound

of the present disclosure) is in a polymeric matrix. In one embodiment, the Compound of the present
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disclosure is dispersed or dissolved within the polymeric matrix. In a further embodiment, the
polymeric matrix comprises standard polymers used in depot formulations such as polymers
selected from a polyester of a hydroxyfatty acid and derivatives thereof, or a polymer of an alkyl
alpha-cyanoacrylate, a polyalkylene oxalate, a polyortho ester, a polycarbonate, a polyortho-
carbonate, a polyamino acid, a hyaluronic acid ester, and mixtures thereof. In a further embodiment,
the polymer is selected from a group consisting of polylactide, poly d,l-lactide, poly glycolide,
PLGA 50:50, PLGA 85:15 and PLGA 90:10 polymer. In another embodiment, the polymer is
selected form poly(glycolic acid), poly-D,L-lactic acid, poly-L-lactic acid, copolymers of the
foregoing, poly(aliphatic carboxylic acids), copolyoxalates, polycaprolactone, polydioxanone,
poly(ortho carbonates), poly(acetals), poly(lactic acid-caprolactone), polyorthoesters, poly(glycolic
acid-caprolactone), polyanhydrides, and natural polymers including albumin, casein, and waxes,
such as, glycerol mono- and distearate, and the like. In a preferred embodiment, the polymeric
matrix comprises poly(d,l-lactide-co-glycolide).

[00023] The Pharmaceutical Composition I-B is particularly useful for sustained or delayed
release, wherein the Compound of the present disclosure is released upon degradation of the
polymeric matrix. These Compositions may be formulated for controlled- and/or sustained-release
of the Compounds of the present disclosure (e.g., as a depot composition) over a period of up to 180
days, e.g., from about 14 to about 30 to about 180 days. For example, the polymeric matrix may
degrade and release the Compounds of the present disclosure over a period of about 30, about 60 or
about 90 days. In another example, the polymeric matrix may degrade and release the Compounds
of the present disclosure over a period of about 120, or about 180 days.

[00024] In still another embodiment, the Pharmaceutical Composition I or I-A or I-B may be
formulated for administration by injection, for example, as a sterile aqueous solution.

[00025] In another embodiment, the present disclosure provides a Pharmaceutical Composition
(Pharmaceutical Composition I-C) comprising a Compound of Formula I (or any Compound of the
present disclosure) as hereinbefore described, in an osmotic controlled release oral delivery system
(OROS), which is described in US 2001/0036472 and US 2009/0202631, the contents of each of
which applications are incorporated by reference in their entirety. Therefore in one embodiment, the
present disclosure provides a pharmaceutical composition or device comprising (a) a gelatin capsule
containing a Compound of any of Formulae I in free or pharmaceutically acceptable salt form,

optionally in admixture with a pharmaceutically acceptable diluent or carrier; (b) a multilayer wall
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superposed on the gelatin capsule comprising, in outward order from the capsule: (i) a barrier layer,
(i1) an expandable layer, and (iii) a semipermeable layer; and (c) an orifice formed or formable
through the wall (Pharmaceutical Composition P.1).

[00026] In another embodiment, the invention provides a pharmaceutical composition comprising
a gelatin capsule containing a liquid, the Compound of Formula I (or any Compound of the present
disclosure) in free or pharmaceutically acceptable salt form, optionally in admixture with a
pharmaceutically acceptable diluent or carrier, the gelatin capsule being surrounded by a composite
wall comprising a barrier layer contacting the external surface of the gelatin capsule, an expandable
layer contacting the barrier layer, a semi-permeable layer encompassing the expandable layer, and
an exit orifice formed or formable in the wall (Pharmaceutical Composition P.2).

[00027] In still another embodiment, the invention provides a composition comprising a gelatin
capsule containing a liquid, the Compound of Formula I (or any Compound of the present
disclosure) in free or pharmaceutically acceptable salt form, optionally in admixture with a
pharmaceutically acceptable diluent or carrier, the gelatin capsule being surrounded by a composite
wall comprising a barrier layer contacting the external surface of the gelatin capsule, an expandable
layer contacting the barrier layer, a semipermeable layer encompassing the expandable layer, and an
exit orifice formed or formable in the wall, wherein the barrier layer forms a seal between the
expandable layer and the environment at the exit orifice (Pharmaceutical Composition P.3).

[00028] In still another embodiment, the invention provides a composition comprising a gelatin
capsule containing a liquid, the Compound of Formula I (or any Compound of the present
disclosure) in free or pharmaceutically acceptable salt form, optionally in admixture with a
pharmaceutically acceptable diluent or carrier, the gelatin capsule being surrounded by a barrier
layer contacting the external surface of the gelatin capsule, an expandable layer contacting a portion
of the barrier layer, a semi-permeable layer encompassing at least the expandable layer, and an exit
orifice formed or formable in the dosage form extending from the external surface of the gelatin
capsule to the environment of use (Pharmaceutical Composition P.4). The expandable layer may be
formed in one or more discrete sections, such as for example, two sections located on opposing sides
or ends of the gelatin capsule.

[00029] In a particular embodiment, the Compound of the present disclosure in the Osmotic-

controlled Release Oral Delivery System (i.e., in Composition P.1-P.4) is in a liquid formulation,
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which formulation may be neat, liquid active agent, liquid active agent in a solution, suspension,
emulsion or self-emulsifying composition or the like.

[00030] Further information on Osmotic-controlled Release Oral Delivery System composition
including characteristics of the gelatin capsule, barrier layer, an expandable layer, a semi-permeable
layer; and orifice may be found in US 2001/0036472, the contents of which are incorporated by
reference in their entirety.

[00031] Other Osmotic-controlled Release Oral Delivery System for the Compound of Formula I
(or any Compound of the present disclosure) or the Pharmaceutical Composition of the present
disclosure may be found in US 2009/0202631, the contents of which are incorporated by reference
in their entirety. Therefore, in another embodiment, the invention provides a composition or device
comprising (a) two or more layers, said two or more layers comprising a first layer and a second
layer, said first layer comprises the Compound of Formulas I et seq. (e.g., any Compound of the
present disclosure), in free or pharmaceutically acceptable salt form, optionally in admixture with a
pharmaceutically acceptable diluent or carrier, said second layer comprises a polymer; (b) an outer
wall surrounding said two or more layers; and (c) an orifice in said outer wall (Pharmaceutical
Composition P.5).

[00032] Pharmaceutical Composition P.5 preferably utilizes a semi-permeable membrane
surrounding a three-layer-core: in these embodiments, the first layer is referred to as a first drug
layer and contains low amounts of drug (e.g., the Compound of Formulas I et seq. or any Compound
of the present disclosure) and an osmotic agent such as salt, the middle layer referred to as the
second drug layer contains higher amounts of drug, excipients and no salt; and the third layer
referred to as the push layer contains osmotic agents and no drug (Pharmaceutical Composition P.6).
At least one orifice is drilled through the membrane on the first drug layer end of the capsule-shaped
tablet.

[00033] Pharmaceutical Composition P.5 or P.6 may comprise a membrane defining a
compartment, the membrane surrounding an inner protective subcoat, at least one exit orifice formed
or formable therein and at least a portion of the membrane being semi-permeable; an expandable
layer located within the compartment remote from the exit orifice and in fluid communication with
the semi-permeable portion of the membrane; a first drug layer located adjacent the exit orifice; and
a second drug layer located within the compartment between the first drug layer and the expandable

layer, the drug layers comprising the Compound of the present disclosure in free or
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pharmaceutically acceptable salt thereof (Pharmaceutical Composition P.7). Depending upon the
relative viscosity of the first drug layer and second drug layer, different release profiles are obtained.
It is imperative to identify the optimum viscosity for each layer. In the present invention, viscosity is
modulated by addition of salt, sodium chloride. The delivery profile from the core is dependent on
the weight, formulation and thickness of each of the drug layers.
[00034] In a particular embodiment, the invention provides Pharmaceutical Composition P.7
wherein the first drug layer comprises salt and the second drug layer does not contain salt.
Pharmaceutical Composition P.5-P.7 may optionally comprise a flow-promoting layer between the
membrane and the drug layers.
[00035] Pharmaceutical Compositions P.1-P.7 will generally be referred to as Osmotic-controlled
Release Oral Delivery System Composition.
[00036] In further embodiments of the first aspect, the present disclosure provides further
embodiments of Method 1 as follows:
1.83  Method 1 or any of Methods 1.1-1.82, wherein the patient suffers from
anxiety (including general anxiety, social anxiety, and panic disorders), depression
(for example refractory depression and MDD), psychosis (including psychosis
associated with dementia, such as hallucinations in advanced Parkinson’s disease or
paranoid delusions), schizophrenia, migraine, pain and conditions associated with
pain, including cephalic pain, idiopathic pain, chronic pain (such as moderate to
moderately severe chronic pain, for example in patients requiring 24 hour extend
treatment for other ailments), neuropathic pain, dental pain, fibromyalgia, other drug
dependencies, for example, stimulant dependency and/or alcohol dependency.
1.84 Method 1 or any of 1.1-1.83, wherein the patient has been diagnosed with a
substance use disorder or a substance abuse disorder, such as opioid use disorder,
opiate use disorder (OUD), opioid dependence, or opioid addiction;
1.85 Method 1 or any of Methods 1.1-1.84, wherein said patient has a history of
prior substance use or substance abuse (e.g. addiction or dependence) with an opiate
or opioid drug, e.g., morphine, codeine, thebaine, oripavine, morphine dipropionate,
morphine dinicotinate, dihydrocodeine, buprenorphine, etorphine, hydrocodone,
hydromorphone, oxycodone, oxymorphone, fentanyl, alpha-methylfentantyl,

alfentanyl, trefantinil, brifentanil, remifentanil, octfentanil, sufentanil, carfentanyl,
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meperidine, prodine, promedol, propoxyphene, dextropropoxyphene, methadone,
diphenoxylate, dezocine, pentazocine, phenazocine, butorphanol, nalbuphine,
levorphanol, levomethorphan, tramadol, tapentadol, and anileridine, or any
combinations thereof;

1.86 Method 1 or any of 1.1-1.85, wherein said patient is or has been diagnosed
with an opiate dependency, cocaine dependency, amphetamine dependency, and/or
alcohol dependency, or suffers from withdrawal from drug or alcohol dependency
(e.g. opiate, cocaine, or amphetamine dependency);

1.87 Method 1 or any of 1.1-1.86, wherein said patient has previously suffered
from an opiate overdose;

1.88  Method 1 or any of 1.1-1.86, wherein said the method comprising
administering to the patient an effective amount of the Compound of Formula I;
1.89 Method 1.88, wherein the effective amount is 1 mg-1000mg, for example
2.5mg-50mg, or for a long-acting formulation, 25mg-1500mg, for example, 50mg to
500mg, or 250mg to 1000mg, or 250mg to 750mg, or 75mg to 300mg;

1.90 Method 1.89, wherein the effective amount is 1 mg-100mg per day, for
example 2.5mg-60mg per day, or 2.5mg to 45mg per day, or Smg to 25 mg per day;
1.91  Any foregoing method, wherein the method further comprises the concurrent
administration of a selective serotonin reuptake inhibitors (SSRI), e.g., administered
simultaneously, separately or sequentially;

1.92  Method 1.91, wherein the SSRI is selected from citalopram, escitalopram,
fluoxetine, fluvoxamine, paroxetine, and sertraline

1.93  Any foregoing method, wherein the method further comprises the concurrent
administration of a serotonin-norepinephrine reuptake inhibitors (SNRI), e.g.,
administered simultaneously, separately or sequentially;

1.94 Method 1.93, wherein the SNRI is selected from venlafaxine, sibutramine,
duloxetine, atomoxetine, desvenlafaxine, milnacipran, and levomilnacipran;

1.95  Any foregoing method, wherein the method further comprises the concurrent
administration of an antipsychotic agent, e.g., administered simultaneously,

separately or sequentially;
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1.96 Method 1.95, wherein the antipsychotic agent is selected from clomipramine,
chlorpromazine, haloperidol, droperidol, fluphenazine, loxapine, mesoridazine,
molindone, perphenazine, pimozide, prochlorperazine, promazine, thioridazine,
thiothixene, trifluoperazine, brexpiprazole, cariprazine, asenapine, lurasidone,
clozapine, aripiprazole, olanzapine, quetiapine, risperidone, ziprasidone and
paliperidone;

1.97  Any foregoing method, wherein the method further comprises the concurrent
administration of a NMDA receptor antagonist, e.g., administered simultaneously,
separately or sequentially;

1.98 Method 1.97, wherein the NMDA receptor antagonist is selected from the
group consisting of ketamine (e.g., S-ketamine and/or R-ketamine),
hydroxynorketamine, memantine, dextromethorphan, dextroallorphan, dextrorphan,
amantadine, and agmatine, or any combination thereof;

1.99  Any foregoing method, wherein the method further comprises the concurrent
administration of a compound that modulates GABA activity (e.g., enhances the
activity and facilitates GABA transmission), e.g., administered simultaneously,
separately or sequentially;

1.100 Method 1.99, wherein the GABA modulating compound is selected from a
group consisting of one or more of doxepin, alprazolam, bromazepam, clobazam,
clonazepam, clorazepate, diazepam, flunitrazepam, flurazepam, lorazepam,
midazolam, nitrazepam, oxazepam, temazepam, triazolam, indiplon, zopiclone,
eszopiclone, zaleplon, Zolpidem, gaboxadol, vigabatrin, tiagabine, EVT 201 (Evotec
Pharmaceuticals) and estazolam;

1.101 Any foregoing method, wherein the method further comprises the concurrent
administration of a 5-HT2a receptor antagonist, e.g., administered simultaneously,
separately or sequentially;

1.102 Method 1.101, wherein said additional 5-HT2a receptor antagonist is selected
from one or more of pimavanserin, ketanserin, risperidone, eplivanserin, volinanserin
(Sanofi-Aventis, France), pruvanserin, MDL 100907 (Sanofi-Aventis, France), HY
10275 (Eli Lilly), APD 125 (Arena Pharmaceuticals, San Diego, CA), and AVE8488

(Sanofi-Aventis, France);
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1.103 Any foregoing method, wherein the method further comprises the concurrent
administration of a serotonin receptor antagonist/reuptake inhibitor (SARI), e.g.,
administered simultaneously, separately or sequentially;

1.104 Method 1.103, wherein the serotonin receptor antagonist/reuptake inhibitor
(SARI) is selected from a group consisting of one or more ritanserin, nefazodone,
serzone and trazodone;

1.105 Any foregoing method, wherein the method further comprises the concurrent
administration of an anti-depressant, e.g., administered simultaneously, separately or
sequentially;

1.106 Method 1.105, wherein the anti-depressant is selected from amitriptyline,
amoxapine, bupropion, citalopram, clomipramine, desipramine, doxepin, duloxetine,
escitalopram, fluoxetine, fluvoxamine, imipramine, isocarboxazid, maprotiline,
mirtazapine, nefazodone, nortriptyline, paroxetine, phenelzine sulfate, protriptyline,
sertraline, tranylcypromine, trazodone, trimipramine, and venlafaxine;

1.107 Any foregoing method, wherein the method further comprises the concurrent
administration of an opiate agonist or partial opiate agonist, e.g., administered
simultaneously, separately or sequentially;

1.108 Method 1.107, wherein the opiate agonist or partial opiate agonist is a mu-
agonist or partial agonist, or a kappa-agonist or partial agonist, including mixed
agonist/antagonists (e.g., an agent with partial mu-agonist activity and kappa-
antagonist activity);

1.109 Method 1.108, wherein the opiate agonist or partial agonist is buprenorphine,
optionally, wherein said method does not include co-treatment with an anxiolytic
agent, e.g., a GABA compound or benzodiazepine;

1.110 Any foregoing method, wherein the method further comprises the concurrent
administration of an opiate receptor antagonist or inverse agonist, €.g., administered
simultaneously, separately or sequentially;

1.111 Method 1.110, wherein the opiate receptor antagonist or inverse agonist is a
full opiate antagonist, e.g., selected from naloxone, naltrexone, nalmefene,
methadone, nalorphine, levallorphan, samidorphan, nalodeine, cyprodime, or

norbinaltorphimine.
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[0037] In another embodiment, the present disclosure provides Method 1 or any of Methods 1.1-
1.111, wherein the Compound of the present disclosure, or pharmaceutical composition comprising
it, is administered for controlled- and/or sustained-release of the Compounds over a period of from
about 14 days, about 30 to about 180 days, preferably over the period of about 30, about 60 or about
90 days. Controlled- and/or sustained-release is particularly useful for circumventing premature
discontinuation of therapy, particularly for antipsychotic drug therapy where non-compliance or
non-adherence to medication regimes is a common occurrence.

[0038] Substance-use disorders and substance-induced disorders are the two categories of
substance-related disorders defined by the Fifth Edition of the DSM (the Diagnostic and Statistical
Manual of Mental Disorders, DSM-5). A substance-use disorder is a pattern of symptoms resulting
from use of a substance which the individual continues to take, despite experiencing problems as a
result. A substance-induced disorder is a disorder induced by use if the substance. Substance-
induced disorders include intoxication, withdrawal, substance induced mental disorders, including
substance induced psychosis, substance induced bipolar and related disorders, substance induced
depressive disorders, substance induced anxiety disorders, substance induced obsessive-compulsive
and related disorders, substance induced sleep disorders, substance induced sexual dysfunctions,
substance induced delirium and substance induced neurocognitive disorders.

[0039] The DSM-5 includes criteria for classifying a substance use disorder as mild, moderate or
severe. In some embodiments of the methods disclosed herein, the substance use disorder is selected
from a mild substance use disorder, a moderate substance use disorder or a severe substance use
disorder. In some embodiments, the substance use disorder is a mild substance use disorder. In some
embodiments, the substance use disorder is a moderate substance use disorder. In some
embodiments, the substance use disorder is a severe substance use disorder. Older versions of the
DSM used the terms opioid addiction and opioid dependence, as well as the related terms
detoxification and maintenance treatment of opioid addiction, and prevention of relapse to opioid
addiction. These terms are now embraced by diagnosis of opioid use disorder and its sequelae.
[0040] Anxiety and depression are highly prevalent co-morbid disorders in patients undergoing
treatment of substance use or substance abuse. A common treatment for substance abuse disorder is
the combination of the partial opioid agonist buprenorphine with the opioid antagonist naloxone, but
neither of these drugs has any significant effect on anxiety or depression, thus leading to the

common result that a third drug, such as a benzodiazepine-class anxiolytic agent or an SSRI anti-
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depressant, must also be prescribed. This makes treatment regimens and patient compliance more
difficult. In contrast, the Compounds of the present disclosure provide opiate antagonism along with
serotonin antagonism and dopamine modulation. This may result in significant enhancement of
treatment of patients with substance use or abuse disorder concomitant with anxiety and/or
depression.

[0041] The compounds of the present disclosure may have anxiolytic properties ameliorating the
need for treatment of a patient with an anxiolytic agent where said patients suffers from co-morbid
anxiety, which can often be a trigger for relapse. Thus, in some embodiments, the present disclosure
provides a method according to Method 1 et seq., wherein patient suffers from anxiety or symptoms
of anxiety or who is diagnosed with anxiety as a co-morbid disorder, or as a residual disorder,
wherein the method does not comprise the further administration of an anxiolytic agent, such as a
benzodiazepine and other described herein.

[0042] In any of the embodiments of Method 1 et seq. wherein the Compound of the present
disclosure is administered along with one or more second therapeutic agents, the one or more second
therapeutic agents may be administered as a part of the pharmaceutical composition comprising the
Compound of the present disclosure. Alternatively, the one or more second therapeutic agents may
be administered in separate pharmaceutical compositions (such as pills, tablets, capsules and
injections) administered simultaneously, sequentially or separately from the administration of the
Compound of the present disclosure.

[0043] In a second aspect, the present disclosure provides use of a Compound of the present
disclosure, e.g., a Compound of Formula I or any of the compounds described in any of the
embodiments of Methods 1.1 to 1.71, in the manufacture of a medicament for use according to
Method 1 or any of Methods 1.1-1.111.

[0044] In a third aspect, the present disclosure provides a Compound of the present disclosure,
e.g., a Compound of Formula I or any of the compounds described in any of the embodiments of
Methods 1.1 to 1.71, for use according to Method 1 or any of Methods 1.1-1.111.

[0045] Without being bound by theory, it is believed that the Compounds of the present
disclosure, such as the Compound of Formula A, are potent 5-HT24, D1 and Mu opiate modulators
(e.g., antagonists), which also provide moderate D> and SERT modulation (e.g., antagonism).
Furthermore, it has been unexpectedly found that such compounds may operate as “biased” Mu

opiate ligands. This means that when the compounds bind to Mu opiate receptors, they may operate
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as partial Mu agonists via G-protein coupled signaling, but as Mu antagonists via beta-arrestin
signaling. This is in contrast to traditional opiate agonists, such as morphine and fentanyl, which
tend to strongly activate both G-protein signaling and beta-arrestin signaling. The activation of beta-
arrestin signaling by such drugs is thought to mediate the gastrointestinal dysfunction and
respiratory suppression typically mediated by opiate drugs. As a result, Compounds of the present
disclosure, e.g., Compounds of Formula I, are therefore expected to result in pain amelioration with
less severe gastrointestinal and respiratory side effects than existing opiate analgesics. This effect
has been shown in pre-clinical studies and Phase II and Phase III clinical trials of the biased Mu
agonist oliceridine. Oliceridine has been shown to result in biased mu agonism via G-protein
coupled signaling with reduced beta-arresting signaling compared to morphine, and this has been
linked to its ability to produce analgesia with reduced respiratory side effects compared to morphine.
Furthermore, because these compounds antagonize the beta-arrestin pathway, they are expected to
be useful in treating opiate overdose, because they will inhibit the most severe opiate adverse effects
while still providing pain relief. Furthermore, these compounds also have sleep maintenance effect
due to their serotonergic activity. As many people suffering from chronic pain have difficulty
sleeping due to the pain, these compounds can help such patients sleep through the night due to the
synergistic effects of serotonergic and opiate receptor activities.

[0046] Thus, the Compounds of the present disclosure are effective in treating and/or preventing
opiate addiction relapse in patients having opiate use disorder (OUD), opiate overdose, or opiate
withdrawal, either alone, or in conjunction with an opiate antagonist or inverse agonist (e.g.,
naloxone or naltrexone). Compounds of the present disclosure are expected to show a strong ability
to mitigate the dysphoria and psychiatric comorbidities associated with drug withdrawal (e.g., mood
and anxiety disorders, sleep disturbances), and also provides potent analgesia but without the
adverse effects (e.g., GI effects and pulmonary depression) and abuse potential seen with other
opioid treatments (e.g., oxycodone, methadone or buprenorphine). The unique pharmacologic
profile of these compounds should also mitigate the risks of adverse drug-drug interactions (e.g.,
alcohol). These compounds are therefore particularly suited to long-term treatment and maintenance
of recovering opiate addicts. In addition, to the compounds’ direct effect on mu receptor activity, the
compounds’ effect on serotonergic pathways results in anti-depressant, sleep maintenance, and
anxiolytic effects. Because depression and anxiety are key factors leading recovering addicts to

relapse, the compounds of the present disclosure both reduce the symptoms of opiate withdrawal at
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the same time that they reduce the psychological triggers which promote relapse—thus, a two-
pronged strategy to reduce the risk of relapse. The sleep maintenance provided by these compounds
would further improve the quality of life of patients undergoing opiate addiction recovery treatment.
[0047] In some embodiments of the present disclosure, the compounds of Formula I have one or
more biologically labile functional groups positioned within the compounds such that natural
metabolic activity will remove the labile functional groups, resulting in another Compound of
Formula I. For example, when group R! is C(0)-O-C(R*)(R")(R®), -C(0)-O-CH2-O-C(R*)(R®)(R®) or
-C(R®(R")-0-C(0)-R?, under biological conditions this substituent will undergo hydrolysis to yield
the same compound wherein R! is H, thus making the original compounds prodrugs of the
compound wherein R! is H. Some of such prodrug compounds may have little-to-no or only
moderate biological activity but upon hydrolysis to the compound wherein R! is H, the compound
may have strong biological activity. As such, depending on the compound selected, administration
of the compounds of the present disclosure to a patient in need thereof may result in immediate
biological and therapeutic effect, or immediate and delayed biological and therapeutic effect, or only
delayed biological and therapeutic effect. Such prodrug compounds will thus serve as a reservoir of
the pharmacologically active compounds of Formula I wherein R! is H. In this way, some
compounds of the present disclosure are particularly suited to formulation as long-acting injectable
(LAI) or “Depot” pharmaceutical compositions. Without being bound by theory, an injected “depot”
comprising a compound of the present disclosure will gradually release into the body tissues said
compound, in which tissues said compound will be gradually metabolized to yield a compound of
Formula I wherein R! is H. Such depot formulations may be further adjusted by the selection of
appropriate components to control the rate of dissolution and release of the compounds of the
present disclosure. Such prodrug forms of compounds related to the Compounds of Formula I have
previously been disclosed, e.g., in international application PCT/US2018/043102 (WO
2019/023063).

[0048] “Alkyl” as used herein is a saturated or unsaturated hydrocarbon moiety, e.g., one to
twenty-one carbon atoms in length, unless indicated otherwise; any such alkyl may be linear or
branched (e.g., n-butyl or tert-butyl), preferably linear, unless otherwise specified. For example,
"Ci1-21 alkyl" denotes alkyl having 1 to 21 carbon atoms. In one embodiment, alkyl is optionally
substituted with one or more hydroxy or Ci22alkoxy (e.g., ethoxy) groups. In another embodiment,

alkyl contains 1 to 21 carbon atoms, preferably straight chain and optionally saturated or
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unsaturated, for example in some embodiments wherein R; is an alkyl chain containing 1 to 21
carbon atoms, preferably 6-15 carbon atoms, 16-21 carbon atoms, e.g., so that together with the -
C(O)- to which it attaches, e.g., when cleaved from the compound of Formula I, forms the residue of
a natural or unnatural, saturated or unsaturated fatty acid.

[0049] The term “pharmaceutically acceptable diluent or carrier” is intended to mean diluents
and carriers that are useful in pharmaceutical preparations, and that are free of substances that are
allergenic, pyrogenic or pathogenic, and that are known to potentially cause or promote illness.
Pharmaceutically acceptable diluents or carriers thus exclude bodily fluids such as example blood,
urine, spinal fluid, saliva, and the like, as well as their constituent components such as blood cells
and circulating proteins. Suitable pharmaceutically acceptable diluents and carriers can be found in
any of several well-known treatises on pharmaceutical formulations, for example Goodman and
Gilman, eds., The Pharmacological Basis of Therapeutics, Tenth Edition, McGraw Hill, 2001;
Remington’s Pharmaceutical Sciences, 20th Ed., Lippincott Williams & Wilkins., 2000; and
Martindale, The Extra Pharmacopoeia, Thirty-Second Edition (The Pharmaceutical Press, London,
1999); all of which are incorporated by reference herein in their entirety.

[0050] The terms "purified,” "in purified form" or "in isolated and purified form" for a
compound refers to the physical state of said compound after being isolated from a synthetic process
(e.g., from a reaction mixture), or natural source or combination thereof. Thus, the term "purified,"
"in purified form" or "in isolated and purified form" for a compound refers to the physical state of
said compound after being obtained from a purification process or processes described herein or
well known to the skilled artisan (e.g., chromatography, recrystallization, LC-MS and LC-MS/MS
techniques and the like), in sufficient purity to be characterizable by standard analytical techniques
described herein or well known to the skilled artisan.

[0051] Unless otherwise indicated, the Compounds of the present disclosure may exist in free
base form or in salt form, such as a pharmaceutically acceptable salt form, e.g., as acid addition
salts. An acid-addition salt of a compound of the present disclosure which is sufficiently basic, for
example, an acid-addition salt with, for example, an inorganic or organic acid, for example
hydrochloric acid or toluenesulfonic acid. In addition, a salt of a compound of the present disclosure
which is sufficiently acidic is an alkali metal salt, for example a sodium or potassium salt, or a salt
with an organic base which affords a physiologically-acceptable cation. In a particular embodiment,

the salt of the Compounds of the present disclosure is a toluenesulfonic acid addition salt.
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[0052] The Compounds of the present disclosure are intended for use as pharmaceuticals,
therefore pharmaceutically acceptable salts are preferred. Salts which are unsuitable for
pharmaceutical uses may be useful, for example, for the isolation or purification of free Compounds
of the present disclosure, and are therefore also included within the scope of the compounds of the
present disclosure.

[0053] The Compounds of the present disclosure may comprise one or more chiral carbon
atoms. The compounds thus exist in individual isomeric, e.g., enantiomeric or diastereomeric form
or as mixtures of individual forms, e.g., racemic/diastereomeric mixtures. Any isomer may be
present in which the asymmetric center is in the (R)-, (S)-, or (R,S)- configuration. The invention is
to be understood as embracing both individual optically active isomers as well as mixtures (e.g.,
racemic/diastereomeric mixtures) thereof. Accordingly, the Compounds of the present disclosure
may be a racemic mixture or it may be predominantly, e.g., in pure, or substantially pure, isomeric
form, e.g., greater than 70% enantiomeric/diastereomeric excess (“‘ee”), preferably greater than 80%
ee, more preferably greater than 90% ee, most preferably greater than 95% ee. The purification of
said isomers and the separation of said isomeric mixtures may be accomplished by standard
techniques known in the art (e.g., column chromatography, preparative TLC, preparative HPLC,
simulated moving bed and the like).

[0054] Geometric isomers by nature of substituents about a double bond or a ring may be
present in cis (Z) or trans (E) form, and both isomeric forms are encompassed within the scope of
this invention.

[0055] It is also intended that the compounds of the present disclosure encompass their stable
and unstable isotopes. Stable isotopes are nonradioactive isotopes which contain one additional
neutron compared to the abundant nuclides of the same species (i.e., element). It is expected that the
activity of compounds comprising such isotopes would be retained, and such compound would also
have utility for measuring pharmacokinetics of the non-isotopic analogs. For example, the hydrogen
atom at a certain position on the compounds of the disclosure may be replaced with deuterium (a
stable isotope which is non-radioactive). Examples of known stable isotopes include, but not
limited to, deuterium (°H or D), *C, PN, '#0. Alternatively, unstable isotopes, which are
radioactive isotopes which contain additional neutrons compared to the abundant nuclides of the
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same species (i.e., element), e.g., 18F, may replace the corresponding abundant

species of I, C and F. Another example of useful isotope of the compound of the present disclosure
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is the ''C isotope. These radio isotopes are useful for radio-imaging and/or pharmacokinetic studies
of the compounds of the present disclosure. In addition, the substitution of atoms of having the
natural isotopic distributing with heavier isotopes can result in desirable change in pharmacokinetic
rates when these substitutions are made at metabolically liable sites. For example, the incorporation
of deuterium (*H) in place of hydrogen can slow metabolic degradation when the position of the
hydrogen is a site of enzymatic or metabolic activity.

[0056] Compounds of the present disclosure may be administered in the form of a
pharmaceutical composition which is a depot formulation, e.g., by dispersing, dissolving,
suspending or encapsulating the Compounds of the present disclosure in a polymeric matrix as
described hereinbefore, such that the Compound is continually released as the polymer degrades
over time. The release of the Compounds of the present disclosure from the polymeric matrix
provides for the controlled- and/or delayed- and/or sustained-release of the Compounds, e.g., from
the pharmaceutical depot composition, into a subject, for example a warm-blooded animal such as
man, to which the pharmaceutical depot is administered. Thus, the pharmaceutical depot delivers the
Compounds of the present disclosure to the subject at concentrations effective for treatment of the
particular disease or medical condition over a sustained period of time, e.g., 14-180 days, preferably
about 30, about 60 or about 90 days.

[0057] Polymers useful for the polymeric matrix in the Composition of the present disclosure
(e.g., Depot composition of the present disclosure) may include a polyester of a hydroxyfatty acid
and derivatives thereof or other agents such as polylactic acid, polyglycolic acid, polycitric acid,
polymalic acid, poly-beta.-hydroxybutyric acid, epsilon.-capro-lactone ring opening polymer, lactic
acid-glycolic acid copolymer, 2-hydroxybutyric acid-glycolic acid copolymer, polylactic acid-
polyethyleneglycol copolymer or polyglycolic acid-polyethyleneglycol copolymer), a polymer of an
alkyl alpha-cyanoacrylate (for example poly(butyl 2-cyanoacrylate)), a polyalkylene oxalate (for
example polytrimethylene oxalate or polytetramethylene oxalate), a polyortho ester, a polycarbonate
(for example polyethylene carbonate or polyethylenepropylene carbonate), a polyortho-carbonate, a
polyamino acid (for example poly-gamma.-L-alanine, poly-.gamma.-benzyl-L-glutamic acid or
poly-y-methyl-L-glutamic acid), a hyaluronic acid ester, and the like, and one or more of these
polymers can be used.

[0058] If the polymers are copolymers, they may be any of random, block and/or graft

copolymers. When the above alpha-hydroxycarboxylic acids, hydroxydicarboxylic acids and
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hydroxytricarboxylic acids have optical activity in their molecules, any one of D-isomers, L-isomers
and/or DL-isomers may be used. Among others, alpha-hydroxycarboxylic acid polymer (preferably
lactic acid-glycolic acid polymer), its ester, poly-alpha-cyanoacrylic acid esters, etc. may be used,
and lactic acid-glycolic acid copolymer (also referred to as poly(lactide-alpha-glycolide) or
poly(lactic-co-glycolic acid), and hereinafter referred to as PLGA) are preferred. Thus, in one aspect
the polymer useful for the polymeric matrix is PLGA. As used herein, the term PLGA includes
polymers of lactic acid (also referred to as polylactide, poly(lactic acid), or PLA). Most preferably,
the polymer is the biodegradable poly(d,l-lactide-co-glycolide) polymer.

[0059] In a preferred embodiment, the polymeric matrix of the present disclosure is a
biocompatible and biodegradable polymeric material. The term “biocompatible” is defined as a
polymeric material that is not toxic, is not carcinogenic, and does not significantly induce
inflammation in body tissues. The matrix material should be biodegradable wherein the polymeric
material should degrade by bodily processes to products readily disposable by the body and should
not accumulate in the body. The products of the biodegradation should also be biocompatible with
the body in that the polymeric matrix is biocompatible with the body. Particular useful examples of
polymeric matrix materials include poly(glycolic acid), poly-D,L-lactic acid, poly-L-lactic acid,
copolymers of the foregoing, poly(aliphatic carboxylic acids), copolyoxalates, polycaprolactone,
polydioxanone, poly(ortho carbonates), poly(acetals), poly(lactic acid-caprolactone),
polyorthoesters, poly(glycolic acid-caprolactone), polyanhydrides, and natural polymers including
albumin, casein, and waxes, such as, glycerol mono- and distearate, and the like. The preferred
polymer for use in the practice of this invention is dl(polylactide-co-glycolide). It is preferred that
the molar ratio of lactide to glycolide in such a copolymer be in the range of from about 75:25 to
50:50.

[0060] Useful PLGA polymers may have a weight-average molecular weight of from about
5,000 to 500,000 Daltons, preferably about 150,000 Daltons. Dependent on the rate of degradation
to be achieved, different molecular weight of polymers may be used. For a diffusional mechanism
of drug release, the polymer should remain intact until all of the drug is released from the polymeric
matrix and then degrade. The drug can also be released from the polymeric matrix as the polymeric
excipient bioerodes.

[0061] The PLGA may be prepared by any conventional method, or may be commercially

available. For example, PLGA can be produced by ring-opening polymerization with a suitable
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catalyst from cyclic lactide, glycolide, etc. (see EP-0058481B2; Effects of polymerization variables
on PLGA properties: molecular weight, composition and chain structure).

[0062] It is believed that PLGA is biodegradable by means of the degradation of the entire solid
polymer composition, due to the break-down of hydrolysable and enzymatically cleavable ester
linkages under biological conditions (for example in the presence of water and biological enzymes
found in tissues of warm-blooded animals such as humans) to form lactic acid and glycolic acid.
Both lactic acid and glycolic acid are water-soluble, non-toxic products of normal metabolism,
which may further biodegrade to form carbon dioxide and water. In other words, PLGA is believed
to degrade by means of hydrolysis of its ester groups in the presence of water, for example in the
body of a warm-blooded animal such as man, to produce lactic acid and glycolic acid and create the
acidic microclimate. Lactic and glycolic acid are by-products of various metabolic pathways in the
body of a warm-blooded animal such as man under normal physiological conditions and therefore
are well tolerated and produce minimal systemic toxicity.

[0063] In another embodiment, the polymeric matrix may comprise a star polymer wherein the
structure of the polyester is star-shaped. These polyesters have a single polyol residue as a central
moiety surrounded by acid residue chains. The polyol moiety may be, e.g., glucose or, e.g.,
mannitol. These esters are known and described in GB 2,145,422 and in U. S. Patent No. 5,538,739,
the contents of which are incorporated by reference.

[0064] The star polymers may be prepared using polyhydroxy compounds, €. g., polyol, e.g.,
glucose or mannitol as the initiator. The polyol contains at least 3 hydroxy groups and has a
molecular weight of up to about 20,000 Daltons, with at least 1, preferably at least 2, e.g., as a mean
3 of the hydroxy groups of the polyol being in the form of ester groups, which contain polylactide or
co-polylactide chains. The branched polyesters, e.g., poly (d, I-lactide-co-glycolide) have a central
glucose moiety having rays of linear polylactide chains.

[0065] The depot compositions of the present disclosure (e.g., Compositions 6 and 6.1-6.10, in a
polymer matrix) as hereinbefore described may comprise the polymer in the form of microparticles
or nanoparticles, or in a liquid form, with the Compounds of the present disclosure dispersed or
encapsulated therein. “Microparticles” is meant solid particles that contain the Compounds of the
present disclosure either in solution or in solid form wherein such compound is dispersed or
dissolved within the polymer that serves as the matrix of the particle. By an appropriate selection of

polymeric materials, a microparticle formulation can be made in which the resulting microparticles
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exhibit both diffusional release and biodegradation release properties.

[0066] When the polymer is in the form of microparticles, the microparticles may be prepared
using any appropriate method, such as by a solvent evaporation or solvent extraction method. For
example, in the solvent evaporation method, the Compounds of the present disclosure and the
polymer may be dissolved in a volatile organic solvent (for example a ketone such as acetone, a
halogenated hydrocarbon such as chloroform or methylene chloride, a halogenated aromatic
hydrocarbon, a cyclic ether such as dioxane, an ester such as ethyl acetate, a nitrile such as
acetonitrile, or an alcohol such as ethanol) and dispersed in an aqueous phase containing a suitable
emulsion stabilizer (for example polyvinyl alcohol, PVA). The organic solvent is then evaporated to
provide microparticles with the Compounds of the present disclosure encapsulated therein. In the
solvent extraction method, the Compounds of the present disclosure and polymer may be dissolved
in a polar solvent (such as acetonitrile, dichloromethane, methanol, ethyl acetate or methyl formate)
and then dispersed in an aqueous phase (such as a water/PVA solution). An emulsion is produced to
provide microparticles with the Compounds of the present disclosure encapsulated therein. Spray
drying is an alternative manufacturing technique for preparing the microparticles.

[0067] Another method for preparing the microparticles of the present disclosure is also
described in both U.S. Pat. No. 4,389,330 and U.S. Pat. No. 4,530,840.

[0068] The microparticle can be prepared by any method capable of producing microparticles in
a size range acceptable for use in an injectable composition. One preferred method of preparation is
that described in U.S. Pat. No. 4,389,330. In this method the active agent is dissolved or dispersed in
an appropriate solvent. To the agent-containing medium is added the polymeric matrix material in
an amount relative to the active ingredient that provides a product having the desired loading of
active agent. Optionally, all of the ingredients of the microparticle product can be blended in the
solvent medium together.

[0069] Solvents for the Compounds of the present disclosure and the polymeric matrix material
that can be employed in the practice of the present invention include organic solvents, such as
acetone; halogenated hydrocarbons, such as chloroform, methylene chloride, and the like; aromatic
hydrocarbon compounds; halogenated aromatic hydrocarbon compounds; cyclic ethers; alcohols,
such as, benzyl alcohol; ethyl acetate; and the like. In one embodiment, the solvent for use in the
practice of the present invention may be a mixture of benzyl alcohol and ethyl acetate. Further

information for the preparation of microparticles useful for the invention can be found in U.S. Patent
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Publication Number 2008/0069885, the contents of which are incorporated herein by reference in
their entirety.

[0070] The amount of the Compounds of the present disclosure incorporated in the
microparticles usually ranges from about 1 wt % to about 90 wt. %, preferably 30 to 50 wt. %, more
preferably 35 to 40 wt. %. By weight % is meant parts of the Compounds of the present disclosure
per total weight of microparticle.

[0071] The pharmaceutical depot compositions may comprise a pharmaceutically-acceptable
diluent or carrier, such as a water miscible diluent or carrier.

[0072] Details of Osmotic-controlled Release Oral Delivery System composition may be found
in EP 1 539 115 (U.S. Pub. No. 2009/0202631) and WO 2000/35419 (US 2001/0036472), the
contents of each of which are incorporated by reference in their entirety.

[0073] An “effective amount” means a “therapeutically effective amount”, that is, any amount of
the Compounds of the present disclosure (for example as contained in the pharmaceutical
composition or dosage form) which, when administered to a subject suffering from a disease or
disorder, is effective to cause a reduction, remission, or regression of the disease or disorder over the
period of time as intended for the treatment.

[0074] Dosages employed in practicing the present invention will of course vary depending, e.g.
on the particular disease or condition to be treated, the particular Compound of the present
disclosure used, the mode of administration, and the therapy desired. Unless otherwise indicated, an
amount of the Compound of the present disclosure for administration (whether administered as a
free base or as a salt form) refers to or is based on the amount of the Compound of the present
disclosure in free base form (i.e., the calculation of the amount is based on the free base amount).
[0075] Compounds of the present disclosure may be administered by any satisfactory route,
including orally, parenterally (intravenously, intramuscular or subcutaneous) or transdermally. In
certain embodiments, the Compounds of the present disclosure, e.g., in depot formulation, is
preferably administered parenterally, e.g., by injection, for example, intramuscular or subcutaneous
injection.

[0076] In general, satisfactory results for Method 1 et seq., as set forth above are indicated to be
obtained on oral administration at dosages of the order from about 1 mg to 100 mg once daily,
preferably 2.5 mg-50 mg, e.g., 2.5 mg, 5 mg, 10 mg, 20 mg, 30 mg, 40 mg or 50 mg, once daily,

preferably via oral administration.
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[0077] For treatment of the disorders disclosed herein wherein the depot composition is used to
achieve longer duration of action, the dosages will be higher relative to the shorter action
composition, e.g., higher than 1-100mg, e.g., 25mg, 50mg, 100mg, 500mg, 1000mg, or greater than
1000mg. Duration of action of the Compounds of the present disclosure may be controlled by
manipulation of the polymer composition, i.e., the polymer:drug ratio and microparticle size.
Wherein the composition of the present disclosure is a depot composition, administration by
injection is preferred.

[0078] The pharmaceutically acceptable salts of the Compounds of the present disclosure can be
synthesized from the parent compound which contains a basic or acidic moiety by conventional
chemical methods. Generally, such salts can be prepared by reacting the free base forms of these
compounds with a stoichiometric amount of the appropriate acid in water or in an organic solvent, or
in a mixture of the two; generally, non-aqueous media like ether, ethyl acetate, ethanol, isopropanol,
or acetonitrile are preferred. Further details for the preparation of these salts, e.g., toluenesulfonic
salt in amorphous or crystal form, may be found in PCT/US08/03340 and/or U.S. Provisional Appl.
No. 61/036,069 (each equivalent to US 2011/112105).

[0079] Pharmaceutical compositions comprising Compounds of the present disclosure may be
prepared using conventional diluents or excipients (an example include, but is not limited to sesame
oil) and techniques known in the galenic art. Thus, oral dosage forms may include tablets, capsules,
solutions, suspensions and the like.

[0080] The term “concurrently” when referring to a therapeutic use means administration of two
or more active ingredients to a patient as part of a regimen for the treatment of a disease or disorder,
whether the two or more active agents are given at the same or different times or whether given by
the same or different routes of administrations. Concurrent administration of the two or more active
ingredients may be at different times on the same day, or on different dates or at different
frequencies.

[0081] The term “simultaneously” when referring to a therapeutic use means administration of
two or more active ingredients at or about the same time by the same route of administration.

[0082] The term “separately” when referring to a therapeutic use means administration of two or

more active ingredients at or about the same time by different route of administration.

Methods of Making the Compounds of the present disclosure:
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[0083] The Compound of Formula A, and methods for its synthesis, including the synthesis of
intermediates used in the synthetic schemes described below, have been disclosed in, for example,
U.S. Patent 8,309,722, and US 2017/319580. The synthesis of similar fused gamma-carbolines has
been disclosed in, for example, U.S. 8,309,722, U.S. 8,993,572, US 2017/0183350, WO
2018/126140 and WO 2018/126143, the contents of each of which are incorporated by reference in
their entireties. Compounds of the present disclosure can be prepared using similar procedures.
[0084] Compounds of Formula I wherein R! is C(0)-O-C(R*)(R®)(R®), -C(0)-O-CH»-O-
C(RHRP)R®) or -C(R®(R7)-0O-C(0O)-R8, may be prepared according to the procedures disclosed in
international application PCT/US2018/043102.

[0085] Other Compounds of the present disclosure came be made by analogous procedures
known to those skilled in the art.

[0086] Isolation or purification of the diastereomers of the Compounds of the present disclosure
may be achieved by conventional methods known in the art, €.g., column purification, preparative
thin layer chromatography, preparative HPLC, crystallization, trituration, simulated moving beds
and the like.

[0087] Salts of the Compounds of the present disclosure may be prepared as similarly described
in U.S. Pat. No. 6,548,493; 7,238,690; 6,552,017; 6,713,471, 7,183,282, 8,648,077; 9,199,995;
9,586,860; U.S. RE39680; and U.S. RE39679, the contents of each of which are incorporated by
reference in their entirety.

[0088] Diastereomers of prepared compounds can be separated by, for example, HPLC using
CHIRALPAK® AY-H, 5p, 30x250mm at room temperature and eluted with 10% ethanol / 90%
hexane / 0.1% dimethylethylamine. Peaks can be detected at 230 nm to produce 98-99.9%ee of the
diastereomer.

EXAMPLES

Example 1: Synthesis of (6bR,10aS)-8-(3-(4-fluorophenoxy)propyl)-6b,7,8,9,10,10a-
hexahydro-1H-pyrido[3',4':4,5]pyrrolo[1,2,3-de]quinoxalin-2(3H)-one
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[089] A mixture of (6bR,10aS)-6b,7.8,9,10,10a-hexahydro-1H-pyrido[3',4"4,5]pyrrolo[1,2,3-
de]quinoxalin-2(3H)-one (100mg, 0.436 mmol), 1-(3-chloroproxy)-4-fluorobenzene (100 pL, 0.65
mmol) and potassium iodide (KI) (144mg, 0.87 mmol) in dimethylformamide (DMF) (2 mL) is
degassed with argon for 3 minutes and N, N-diisopropylethylamine (DIPEA) (150 puL, 0.87 mmol) is
added. The resulting mixture is heated to 78 °C and stirred at this temperature for 2 h. The mixture is
cooled to room temperature and then filtered. The filter cake is purified by silica gel column
chromatography using a gradient of 0 — 100% ethyl acetate in a mixture of methanol/7N NH3 in
methanol (1 : 0.1 v/v) as an eluent to produce partially purified product, which is further purified with
a semi-preparative HPLC system using a gradient of 0 — 60% acetonitrile in water containing 0.1%
formic acid over 16 min to obtain the title product as a solid (50mg, yield 30%). MS (ESI) m/z 406.2
[M+1]*. 'H NMR (500 MHz, DMSO-ds) § 10.3 (s, 1H), 7.2 — 7.1 (m, 2H), 7.0 — 6.9 (m, 2H), 6.8 (dd,
J=1.03,7.25 Hz, 1H), 6.6 (t, J=7.55 Hz, 1H), 6.6 (dd, J = 1.07, 7.79 Hz, 1H), 4.0 (t, J = 6.35 Hz,
2H), 3.8 (d, J=14.74 Hz, 1H), 3.3 - 3.2 (m, 3H), 2.9 (dd, / =6.35, 11.13 Hz, 1H), 2.7 — 2.6 (m, 1H),
2.5-23(m, 2H), 2.1 (t, J=11.66 Hz, 1H), 2.0 (d, J = 14.50 Hz, 1H), 1.9 - 1.8 (m, 3H), 1.7 (t, J =
11.04 Hz, 1H).

Example 2: Synthesis of (6bR,10aS)-8-(3-(6-fluoro-1H-indazol-3-yl)propyl)-
6b,7,8,9,10,10a-hexahydro-1H-pyrido[3',4':4,5]pyrrolo[1,2,3-de]quinoxalin-2(3H)-one
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[0090] Step 1: To a stirred solution of BCIz-MeS (10.8 g, 60 mmol) in toluene at 0-5 °C is added
3-fluoroaniline (5.6 mL, 58 mmol), followed by 4-chlorobutyronitrile (7.12 g. 68.73 mmol) and
aluminum chloride (AlCl3) (8.0 g, 60.01 mmol). The mixture is stirred at 130 °C overnight and
cooled to 50 °C. Hydrochloric acid (3N, 30 mL) is added carefully and the resulting solution is
stirred at 90 °C overnight. The obtained brown solution is cooled to room temperature and
evaporated to dryness. The residue is dissolved in dichloromethane (DCM) (20 mL) and basified
with saturated Na2COs to pH=7-8. The organic phase is separated, dried over Na;COs3 and then
concentrated. The residue is purified by silica-gel column chromatography using a gradient of 0 —
20% ethyl acetate in hexane as eluent to afford 2'-amino-4-chloro-4'-fluorobutyrophenone as a
yellow solid (3.5 g, yield 28%). MS (ESI) m/z 216.1 [M+1] .

[0091] Step 2: To a suspension of 2'-amino-4-chloro-4'-fluorobutyrophenone (680 mg, 3.2
mmol) in concentrated HC1 (14 mL) at 0-5 °C, NaNO2 (248 mg, 3.5 mmol) in water (3 mL) is
added. The resulting brown solution is stirred at 0 — 5 °C for 1 h and then SnCl2-2H>O (1.74 g, 7.7
mmol) in concentrated HC1 (3 mL) is added. The mixture is stirred at 0 — 5 °C for additional 1
hour and then dichloromethane (30 mL) is added. The reaction mixture is filtered and the filtrate
is dried over K2COs and evaporated to dryness. The residue is purified by silica-gel column
chromatography using a gradient of 0 — 35% ethyl acetate in hexane as eluent to yield 3-(3-
chloropropyl)-6-fluoro-1H-indazole as a white solid (400 mg, yield 60%). MS (ESI) m/z 213.1
[M+1]*.

[0092] Step 3: A mixture of (6bR,10aS)-6b,7,8,9,10,10a-hexahydro-1H-
pyrido[3',4":4,5]pyrrolo[ 1,2,3-de]quinoxalin-2(3H)-one (100mg, 0.436 mmol), 3-(3-
chloropropyl)-6-fluoro-1H-indazole(124 mg, 0.65 mmol) and KI (144mg, 0.87 mmol) is degassed
with argon for 3 minutes and DIPEA (150 uL, 0.87 mmol) is added. The resulting mixture is stirred
at 78 °C for 2 h and then cooled to room temperature. The generated precipitate is filtered. The

filter cake is purified with a semi-preparative HPLC system using a gradient of 0 — 60% acetonitrile
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in water containing 0.1% formic acid over 16 min to yield (6bR,10aS)-8-(3-(6-fluoro-1H-indazol-
3-yD)propyl)-6b,7,8,9,10,10a-hexahydro-1H-pyrido[3',4":4,5]pyrrolo[ 1,2,3-de]quinoxalin-2(3H)-
one as an off-white solid (50 mg, yield 28%). MS (ESI) m/z 406.2 [M+1]*.'"H NMR (500 MHz,
DMSO-ds) 6 12.7 (s, 1H), 10.3 (s, 1H), 7.8 (dd, J =5.24, 8.76 Hz, 1H), 7.2 (dd, J =2.19, 9.75 Hz,
1H), 6.9 (ddd, J = 2.22, 8.69, 9.41 Hz, 1H), 6.8 — 6.7 (m, 1H), 6.6 (t, J = 7.53 Hz, 1H), 6.6 (dd, J
=1.07, 7.83 Hz, 1H), 3.8 (d, J = 14.51 Hz, 1H), 3.3 — 3.2 (m, 1H), 3.2 (s, 2H), 2.9 (dt, J = 6.35,
14.79 Hz, 3H), 2.7 — 2.6 (m, 1H), 2.4 — 2.2 (m, 2H), 2.1 (t, /= 11.42 Hz, 1H), 2.0 — 1.8 (m, 3H),
1.8 - 1.7 (m, 1H), 1.7 (t, J = 10.89 Hz, 1H).

Example 3: Synthesis of (6bR,10aS)-8-(3-(6-fluorobenzo|[dlisoxazol-3-yl)propyl)-
6b,7,8,9,10,10a-hexahydro-1H-pyrido[3',4':4,5]pyrrolo[1,2,3-de]quinoxalin-2(3H)-one

N-
/ O
H —N
F
N H
HNTH
0
[0093] A mixture of (6bR,10aS)-6b,7.8.9,10,10a-hexahydro- 1 H-

pyrido[3',4":4,5]pyrrolo[1,2,3-de]quinoxalin-2(3H)-one (148 mg, 0.65 mmol), 3-(3-
chloropropyl)-6-fluorobenzo[d]isoxazole (276 mg, 1.3 mmol) and KI (210 mg, 1.3 mmol) is
degassed with argon and then DIPEA (220 puL, 1.3 mmol) is added. The resulting mixture is stirred
at 78 °C for 2 h and then cooled to room temperature. The mixture is concentrated under vacuum.
The residue is suspended in dichloromethane (50 mL) and then washed with water (20 mL). The
organic phase is dried over K>COs, filtered, and then concentrated under vacuum. The crude
product is purified by silica gel column chromatography with a gradient of 0 - 10% of methanol in
ethyl acetate containing 1% 7N NH3 to yield the title product as a solid (80 mg, yield 30%). MS
(ESI) m/z 407.2 [M+1]*. 'H NMR (500 MHz, DMSO-ds) & 10.3 (s, 1H), 8.0 — 7.9 (m, 1H), 7.7
(dd, J =2.15, 9.19 Hz, 1H), 7.3 (td, J = 2.20, 9.09 Hz, 1H), 6.8 (d, / = 7.22 Hz, 1H), 6.6 (t, J =
7.54 Hz, 1H), 6.6 (d, J=7.75 Hz, 1H), 3.8 (d, /= 14.53 Hz, 1H), 3.3 (s, 1H), 3.2 (s, 1H), 3.2 - 3.1
(m, 1H), 3.0 (t, / =7.45 Hz, 2H), 2.9 - 2.8 (m, 1H), 2.7 - 2.5 (m, 1H), 2.4 - 2.2 (m, 2H), 2.2 - 2.0
(m, 1H), 2.0 — 1.8 (m, 3H), 1.8 — 1.6 (m, 2H).
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Example 4: Synthesis of 4-(3-((6bR,10aS)-2-0x0-2,3,6b,7,10,10a-hexahydro-1H-
pyrido[3',4':4,5]-pyrrolo[1,2,3-de]quinoxalin-8(9H)-yl)propoxy)benzonitrile
CN

[0094] Step 1: A degassed suspension of (4aS,9bR)-ethyl 6-bromo-3,4,4a,5-tetrahydro-1H-
pyrido[4,3-b]indole-2(9bH)-carboxylate (21.5 g, 66.2mmol), chloroacetamide (9.3g, 100mmol),
and KI (17.7 g, 107mmol) in dioxane (60 mL) is stirred at 104 °C for 48 h. The solvent is removed
and the residue is suspended in dichloromethane (200 mL) and extracted with water (100 mL).
The separated dichloromethane phase is dried over potassium carbonate (K2CO3) for 1 h and then
filtered. The filtrate is evaporated to give a crude product as a brown oil. To the brown oil is added
ethyl acetate (100 m L) and the mixture is sonicated for 2 min. A yellow solid gradually
precipitates from the mixture, which turns into a gel after standing at room temperature for an
additional 2 h. Additional ethyl acetate (10 mL) is added and the resulting solid is filtered. The
filtered cake is rinsed with ethyl acetate (2 m L) and further dried under high vacuum to produce
(4aS,9bR)-ethyl  5-(2-amino-2-oxoethyl)-6-bromo-3.4,4a,5-tetrahydro- 1H-pyrido[4,3-b]indole-
2(9bH)-carboxylate as an off white solid (19 g, yield 75%). This product is used directly in the
next step without further purification. MS (ESI) m/z 382.0 [M+H]".

[0095] Step 2: A mixture of (4aS,9bR)-ethyl 5-(2-amino-2-oxoethyl)-6-bromo-3,4,4a,5-
tetrahydro-1H-pyrido[4,3-b]indole-2(9bH)-carboxylate  (12.9 g, 33.7mmol), KI (10.6g,
63.8mmol), Cul (1.34g, 6.74 mmol) in dioxane (50 mL) is bubbled with argon for 5 min. To this
mixture is added N,N,N,N’-tetramethylethylenediamine (3 mL) and the resulting suspension is
stirred at 100°C for 48 h. The reaction mixture is cooled to room temperature and poured onto a
silica gel pad to filter. The filtered cake is rinsed with ethyl acetate (1Lx2). The combined filtrate
is concentrated to dryness to give a product (6bR, 10aS)-2-0x0-2,3,6b,9,10,10a-hexahydro-1H,7H-
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pyrido[3',4":4,5]pyrrolo[1,2,3-de]quinoxaline-8-carboxylic acid ethyl esters a white solid (8g,
yield 79%). MS (ESI) m/z 302.1 [M+H] +.

[0096] Step 3: (6bR, 10aS)-2-0x0-2,3,6b,9,10,10a-hexahydro-1H,7H-
pyrido[3',4":4,5]pyrrolo[ 1,2,3-de]quinoxaline-8-carboxylic acid ethyl ester (6.4 g, 21.2 mmol) is
suspended in HBr/acetic acid solution (64 mL, 33% w/w) at room temperature. The mixture is
heated at 50 °C for 16 h. After cooling and treatment with ethyl acetate (300 mL), the mixture is
filtered. The filter cake is washed with ethyl acetate (300 mL), and then dried under vacuum. The
obtained HBr salt is then suspended in methanol (200 mL) and cooled with dry ice in isopropanol.
Under vigorous stirring, ammonia solution (10 mL, 7N in methanol) is added slowly to the
suspension to adjust the pH of the mixture to 10. The obtained mixture is dried under vacuum
without further purification to give crude (6bR, 10aS)-2-0x0-2,3,6b,9,10,10a-hexahydro-1H,7H-
pyrido[3',4":4,5]pyrrolo[ 1,2,3-de]quinoxaline (8.0 g), which is used directly in the next step. MS
(ESI) m/z 230.2 [M+H]".

[0097] Step 4: A mixture of (6bR,10aS)-6b,7,8,9,10,10a-hexahydro-1H-
pyrido[3',4":4,5]pyrrolo[1,2,3-de]quinoxalin-2(3H)-one (100mg, 0.436 mmol), 4-(3-
bromopropoxy)benzonitrile (99 mg, 0.40 mmol) and KI (97 mg, 0.44 mmol) in DMF (2 mL) is
bubbled with argon for 3 minutes and diisopropylethylamine (DIPEA) (80 pL, 0.44 mmol) is
added. The resulting mixture is heated to 76 °C and stirred at this temperature for 2 h. The solvent
is removed, and the residue is purified by silica gel column chromatography using a gradient of 0
— 100% mixed solvents [ethyl acetate/methanol/7N NHj3 (10:1: 0.1 v/v)] in ethyl acetate to obtain
the title product as a white foam (35 mg, yield 45%). MS (ESI) m/z 389.1 [M+1] *. 'H NMR (500
MHz, DMSO-ds) 6 10.3 (s, 1H), 7.8 (d, J =8.80 Hz, 2H), 7.1 (d, /= 8.79 Hz, 2H), 6.8 (d, J = 7.39
Hz, 1H), 6.6 (t, J = 7.55 Hz, 1H), 6.6 (d, J = 6.78 Hz, 1H), 4.1 (t, J = 6.36 Hz, 2H), 3.8 (d, J =
14.53 Hz, 1H), 3.3 - 3.2 (m, 3H), 3.0 - 2.8 (m, 1H), 2.7 - 2.6 (m, 1H), 2.5 -2.3 (m, 2H), 2.2 - 2.0
(m, 1H), 2.0 — 1.8 (m, 3H), 1.8 — 1.7 (m, 1H), 1.7 (t, /= 11.00 Hz, 1H).

Example 5: Synthesis of (6bR,10aS)-8-(3-(4-chlorophenoxy)propyl)-6b,7,8,9,10,10a-
hexahydro-1H-pyrido[3',4':4,5]pyrrolo[1,2,3-de]quinoxalin-2(3H)-one
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Cl

[0098] To a degassed mixture of (6bR,10aS)-6b,7,8.9,10,10a-hexahydro-1H-
pyrido[3',4":4,5]pyrrolo-[1,2,3-de]quinoxalin-2(3H)-one (110mg, 0.48 mmol), 1-(3-
bromopropoxy)-4-chlorobenzene (122 mg, 0.49 mmol) and KI (120 mg, 0.72 mmol) in DMF (2.5
mL) i s added DIPEA (100 pL, 0.57 mmol). The resulting mixture is heated up to 76 °C and stirred
at this temperature for 2 h. The solvent is removed, and the residue is purified by silica gel column
chromatography using a gradient of 0 — 100% mixed solvents [ethyl acetate/methanol/7N NHj3
(10:1: 0.1 v/v)] in ethyl acetate. The title product is given as a white solid (41 mg, yield 43%).
(ESI) m/z 398.1 [M+1]*. 'H NMR (500 MHz, DMSO-de) § 10.3 (s, 1H), 7.4 — 7.2 (m, 2H), 6.9 (d,
J=28.90 Hz, 2H), 6.8 — 6.7 (m, 1H), 6.6 (t, J = 7.53 Hz, 1H), 6.6 (dd, J = 1.04, 7.80 Hz, 1H), 4.0
(t, J=6.37 Hz, 2H), 3.8 (d, /= 14.53 Hz, 1H), 3.3 - 3.2 (m, 3H), 2.9 - 2.8 (m, 1H), 2.7 — 2.6 (m,
1H), 2.4 (ddt, J = 6.30, 12.61, 19.24 Hz, 2H), 2.1 — 2.0 (m, 1H), 2.0 - 1.9 (m, 1H), 1.9 - 1.7 (m,
3H), 1.7 (t, /= 10.98 Hz, 1H).

Example 6: Synthesis of(6bR,10aS)-8-(3-(quinolin-8-yloxy)propyl)-6b,7,8,9,10,10a-hexahydro-
1H-pyrido[3',4':4,5]pyrrolo[1,2,3-de]quinoxalin-2(3H)-one

[0099] A mixture of (6bR,10aS)-6b,7,8,9,10,10a-hexahydro-1H-pyrido[3',4":4,5]pyrrolo[1,2,3-
de]quinoxalin-2(3H)-one (120 mg, 0.52 mmol), 8-(3-chloropropoxy)quinoline (110 mg, 0.50
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mmol) and KI (120 mg, 0.72 mmol) in DMF (2.5 mL) is bubbled with argon for 3 minutes and
DIPEA (100 pL, 0.57 mmol) is added. The resulting mixture is heated up to 76 °C and stirred at
this temperature for 2 h. The solvent is removed, and the residue is suspended in dichloromethane
(30 mL) and washed with water (10 mL). The dichloromethane phase is dried over K2COs3. The
separated organic phase is evaporated to dryness. The residue is purified by silica gel column
chromatography using a gradient of 0 — 100% mixed solvents [ethyl acetate/methanol/7N NHj3
(10:1: 0.1 v/v)] in ethyl acetate to produce the title product as a light brown solid (56 mg, yield
55%). (ESI) m/z 415.2[M+1]*. 'H NMR (500 MHz, DMSO-ds) & 10.1 (s, 1H), 8.9 (dd, J = 1.68,
4.25 Hz, 1H), 8.3 (dd, J=1.71, 8.33 Hz, 1H), 7.7 - 7.5 (m, 3H), 7.3 (dd, J = 1.50, 7.44 Hz, 1H),
7.0-6.8 (m, 1H), 6.8 — 6.5 (m, 2H), 4.4 (t, J = 5.85 Hz, 2H), 3.9 (d, / = 14.55 Hz, 1H), 3.8 - 3.6
(m, 2H), 3.5 (s, 1H), 3.4 (d, J = 14.47 Hz, 1H), 2.9 (b, 1H), 2.3 (d, J=23.61 Hz, 5H), 1.3 (d, J =
7.00 Hz, 3H).

Example 7: Receptor Binding Profile

[0100] Receptor binding is determined for the Compound of Example 1 (the Compound of
Formula A), and the Compounds of Examples 2 to 6. The following literature procedures are used,
each of which reference is incorporated herein by reference in their entireties: 5-HT2a: Bryant,
H.U. et al. (1996), Life Sci., 15:1259-1268; D2: Hall, D.A. and Strange, P.G. (1997), Brit. J.
Pharmacol., 121:731-736; D1: Zhou, Q.Y. et al. (1990), Nature, 347:76-80; SERT: Park, Y.M. et al.
(1999), Anal. Biochem., 269:94-104; Mu opiate receptor: Wang, J.B. et al. (1994), FEBS Lett.,
338:217-222.

[0101] In general, the results are expressed as a percent of control specific binding:

measured specific binding
x 100

control specific binding

and as a percent inhibition of control specific binding:

measured specific binding
100 - x 100

control specific binding

obtained in the presence of the test compounds.
[0102] The ICso values (concentration causing a half-maximal inhibition of control specific
binding) and Hill coefficients (nH) are determined by non-linear regression analysis of the

competition curves generated with mean replicate values using Hill equation curve fitting:
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A-D
Y=D+

1 + (C/Csp)mH

where Y = specific binding, A = left asymptote of the curve, D = right asymptote of the curve, C =
compound concentration, Cso = ICso, and nH = slope factor. This analysis was performed using in —
house software and validated by comparison with data generated by the commercial software
SigmaPlot® 4.0 for Windows® (© 1997 by SPSS Inc.). The inhibition constants (Ki ) were

calculated using the Cheng Prusoff equation:

Ki= ——
(1+L/Kp)
where L = concentration of radioligand in the assay, and Kp = affinity of the radioligand for the

receptor. A Scatchard plot is used to determine the Kp.

[0103] The following receptor affinity results are obtained:

Ki (nM) or maximum inhibition

Receptor Ex. 1 Ex.2 |Ex.3 |Ex.4 Ex. 5 Ex. 6
5-HT2a 0% @ |15% @ |0% @
8.3 2.6 3.1
10nM | 10 nM 10 nM
D2 160 15 84
D1 0% @ |0% @ 0% @
50 52 13
50nM |50 nM 50 nM
SERT 590 540
Mu opiate receptor | 11 39 30 15 7.3 11

Additional compounds of Formula I are prepared by procedures analogous to those described in

Examples 1-6. The receptor affinity results for these compounds are shown in the table below:

Compound Structure
L -(CH2)uX-
n 4 2 3 3 3 3 3 3 3
X O O O O O CH» NH N(CH3) | S

46



WO 2020/154519 PCT/US2020/014818

Z 4-F- 4-F- 4-MeO-| 4-F- 4-F- 4-F- 4-F- 4-F- 4-F-
phenyl | phenyl | phenyl | 3-OH- | 2-OH- | phenyl | phenyl | phenyl | phenyl

R! H H H H H H H H H
RZ, R} H H H,H H,H H,H H,H H,H H,H H,H H,H

Receptor Ki (nM) or maximum inhibition

5-HToa |37% @ | 48% @ | 0% @ 110 19 85% @ | 32% @ | 76% @ | 93% @
100 nM | 100 nM | 100 nM 100 nM | 100 nM | 100 nM | 100 nM

D2 27% @ | 24% @ 0% @ 24% @ | 25% @ | 14% @ | 49% @
100 nM | 100 nM 100 nM o7 100 nM | 100 nM | 100 nM | 100 nM

D1 54% @ 10% @ | 0% @ [25% @ |22% @ | 32% @ | 11% @ | 21% @ | 54% @

100nM | 100 nM | 50 nM | 100nM | 100nM | 100 nM | 100 nM | 100 nM | 100 nM
SERT 33% @ 0% @ |10% @ |13% @ |5% @ |16% @ | 0% @ |53% @ | 0% @

100 nM | 100 nM | 100 nM | 100 nM | 100 nM | 200 nM | 200 nM | 200 nM | 200 nM
Mu 39% @ | 30% @ | 0% @ |23% @ | 22% @ | 89% @ | 60% @ | 22% @ | 60% @
100nM | 100 nM | 30 nM | 100nM | 100nM | 100 nM | 100 nM | 100 nM | 100 nM

Example 8: DOI-induced Head Twitch Model in Mice

[0104] R-(-)-2,5-dimethoxy-4-iodoamphetamine (DOI) is an agonist of the serotonin 5-HT>
receptor family. When administered to mice, it produces a behavioral profile associated with
frequent head twitches. The frequency of these head twitches during a predetermined period of time
can be taken as an estimate of 5-HT2 receptor agonism in the brain. Conversely, this behavioral
assay can be used to determine 5-HT2 receptor antagonism in the brain by administering the DOI
with or without an antagonist and recording the reduction in DOI-induced head twitches after the
administration of the antagonist.

[0105] The method of Darmani et al., Pharmacol Biochem Behav. (1990) 36:901-906 (the
contents of which are incorporated by reference in their entirety) is used with some modifications.
(x)-DOI HCl is injected subcutaneously and the mice are immediately placed in a conventional
plastic cage. The number of head twitches is counted during 6 min, beginning 1 min after DOI
administration. The tested compound is administered orally 0.5 hr before the injection of DOI.

Results area calculated as the EC50 for reducing DOI-induced head twitches. The results are shown
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in the following Table:

Compound ECso (mg/kg, p.o.)
Example 1 0.44

The results show that the compound of Example 1 potently blocks DOI head twitch, consistent with
the in-vitro 5-HT2a results shown in Example 7.

Example 9: Mouse Tail Flick Assay

[0106] The Mouse Tail Flick Assay is a measure of analgesia, indicated by the pain reflex
threshold of restrained mice. Male CD-1 mice are positioned with their tails under a focused beam
of a high-intensity infrared heat source, resulting in heating of the tail. The animal can withdraw its
tail from the heat source at any time that it becomes uncomfortable. The amount of time (latency)
between turning on the heating instrument and the flicking of the mouse’s tail out of path of the heat
source is recorded. Administration of morphine results in analgesia, and this produces a delay in the
mouse’s reaction to the heat (increased latency). Prior administration of a morphine receptor (MOR)
antagonist, i.e., naloxone (NAL), reverses the effect and results in normal latency time. This test is
used as a functional assay to gauge antagonism of mu-opiate receptors.

Example 9a: Antagonism of morphine-induced analgesia by Compound of Example 1

[0107] Ten male CD-1 mice (about 8 weeks of age) are assigned to each of five treatment
groups. The groups are treated as follows: Group (1) [negative control]: administered 0.25%
methylcellulose vehicle p.o., 60 minutes before the tail flick test, and saline vehicle 30 minutes
before the tail flick test; Group (2) [positive control]: administered 0.25% methylcellulose vehicle
p.o., 60 minutes before the test, and 5 mg/kg morphine in saline 30 minutes before the test; Group
(3) [positive control]: administered 3 mg/kg naloxone in saline 50 minutes before the test, and 5
mg/kg morphine in saline 30 minutes before the test; Groups (4)-(6): administered either 0.1 mg/kg,
0.3 mg/kg or 1 mg/kg of the test compound in 0.25% methylcellulose vehicle p.o., 60 minutes
before the test, and 5 mg/kg morphine in 30 minutes before the test. The results are shown in the

following table as mean latency measured in seconds:

Group 1 | Group2 | Group 3 | Group 4 Group 5 Group 6
Veh/Veh | Veh/Mor | Nal/Mor | Cmpd/Mor | Cmpd/Mor | Cmpd/Mor
(0.1 mg/kg) | (0.3 mg/kg) | (1 mg/kg)
Ex. 1 | 0.887 8.261 3.013 6.947 5.853 6.537
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[0108]

blockade of morphine-induced mu-opiate receptor activity.

The results demonstrate that the compound of Example 1 exerts a dose-dependent

Example 9b: Analgesia by Compound of Example 1, inhibited by naloxone
[0109]
Example 1 is further compared at doses of 1.0 mg/kg, 3.0 mg/kg and 10 mg/kg against morphine at

In a second study using the mouse tail flick assay as described above, the compound of

5 mg/kg with and without pre-dosing with naloxone at 3 mg/kg (intraperitoneal). In the pre-
treatment groups, the naloxone is administered 20 minutes prior to the tail flick test. In the non-pre-
treatment controls, saline is administered 20 minutes prior to the tail flick test. In each group, the
vehicle, morphine or compound of Example 1 is administered 30 minutes before the tail flick test.

The results are shown in the table below as mean latency in seconds:

Vehicle Morphine Ex. 1 at Ex. 1 at Ex. 1 at 10
1 mg/kg 3 mg/kg mg/kg
Saline pre- 0.9 9.8 4.1 7.4 9.8
treatment
Naloxone pre- | 0.8 1.5 1.3 1.7 2.1
treatment
[0110] It is found that administration of the compound of Example 1 at all doses significantly

increased the latency to tail flick, and that this effect is attenuated by pre-treatment with naloxone.
This result demonstrates a dose-dependent analgesic effect produced by the Compound of Example
1, and further suggests that this effect is mediated by mu-opioid receptor agonism.

Example 9c: Time Course for Analgesia, Compound of Example 1

[0111]

analgesia resulting from administration of the compound of Example 1. Mice are administered s.c.

The tail flick assay as described above is repeated to determine the time course of

either (1) vehicle 30 minutes prior to assay, (2) 5 mg/kg morphine 30 minutes prior to assay, or (3)-
(7) the Img/kg of compound of Example 3 30 minutes, 2 hours, 4 hours, 8 hours or 24 hours prior to

assay. The results are shown in the table below as mean latency in seconds:

Treatment TF Latency (s)
Vehicle, 30 min prior 1.30
Morphine, 30 min prior 7.90
Cmpd. Ex. 1, 30 min prior 5.77
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Cmpd. Ex. 1, 2 h prior 2.42
Cmpd. Ex. 1, 4 h prior 1.48
Cmpd. Ex. 1, 6 h prior 1.36
Cmpd. Ex. 1, 24 h prior 1.29

[0112] The results show that the Compound of Example 1 produces effective analgesia when
administered 30 minutes or 2 hours prior to the tail flick assay (ANOVA, P < 0.001 vs. vehicle).
When administered 4 hours, 8 hours, or 24 hours prior to the tail flick assay, the compound of
Example 1 at 1 mg/kg does not produce an analgesic effect significantly different from the vehicle
control. Thus, the compound of Example 1 does not produce prolonged analgesia, which means that
it would have a lower potential for abuse and a lower risk of drug-drug interactions compared to
other opiate analgesics.

Example 9d: Analgesia from Chronic Administration of the Compound of Example 1

[0113] The tail flick assay described above is repeated using a test model in which animals
receive a 14-day chronic treatment regimen, followed by an acute treatment 30 minutes prior to the
tail flick assay. The mice are divided into three broad groups with six sub-groups of 10 mice each.
The three groups receive as the chronic treatment either (A) vehicle, (B) compound of Example 1 at
0.3 mg/kg, or (C) compound of Example 2 at 3.0 mg/kg. Each sub-group further receives as the
acute treatment either (1) vehicle, or (2)-(6) the compound of Example 1 at 0.01, 0.03, 0.1, 0.3 or 1.0
mg/kg. All treatments are administered s.c. The results are shown in the table below as mean latency

to tail flick in seconds:

Group | Chronic Treatment Acute Treatment Latency (s)

Vehicle Vehicle 1.09
Vehicle Ex. 1, 0.01 mg/kg 1.87
Vehicle Ex. 1, 0.03 mg/kg 2.50

) Vehicle Ex. 1, 0.1 mg/kg 5.26
Vehicle Ex. 1, 0.3 mg/kg 8.26
Vehicle Ex. 1, 1.0 mg/kg 9.74
Ex. 3, 0.3 mg/kg Vehicle 0.893

(B) | Ex. 3, 0.3 mg/kg Ex. 1, 0.01 mg/kg 1.66
Ex. 3, 0.3 mg/kg Ex. 1, 0.03 mg/kg 1.30
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Ex. 3, 0.3 mg/kg Ex. 1, 0.1 mg/kg 2.60
Ex. 3, 0.3 mg/kg Ex. 1, 0.3 mg/kg 3.93
Ex. 3, 0.3 mg/kg Ex. 1, 1.0 mg/kg 5.64
Ex. 3, 3.0 mg/kg Vehicle 1.04
Ex. 3, 3.0 mg/kg Ex. 1, 0.01 mg/kg 1.64
Ex. 3, 3.0 mg/kg Ex. 1, 0.03 mg/kg 1.80
© Ex. 3, 3.0 mg/kg Ex. 1, 0.1 mg/kg 3.94
Ex. 3, 3.0 mg/kg Ex. 1, 0.3 mg/kg 4.84
Ex. 3, 3.0 mg/kg Ex. 1, 1.0 mg/kg 7.94

[0114] It is found that 0.1, 0.3 and 1.0 mg/kg acute treatment with the compound of Example 1
produces a statistically significant dose-dependent analgesic effect compared to in-group acute
treatment with vehicle. This is true for each of the chronic groups (A), (B) and (C). As compared to
pre-treatment with vehicle, pre-treatment with the compound of Example 1 at 0.3 mg/kg or 3.0
mg/kg generally showed a statistically significant decrease in tail flick latency when the same acute
treatment subgroups are compared. These results demonstrate that while some tolerance to the
analgesic effect of the compound of Example 1 occurs after 14-days of chronic treatment, the
analgesia obtained remains effective despite chronic pre-treatment.

Example 10: CNS Phosphoprotein Profile

[0115] A comprehensive molecular phosphorylation study is also carried out to examine the
central nervous system (CNS) profile of the compound of Example 1. The extent of protein
phosphorylation for selected key central nervous system proteins is measured in mice nucleus
accumbens. Examined proteins include ERK1, ERK2, Glul, NR2B and TH (tyrosine hydroxylase),
and the compound of Example 1 is compared to the antipsychotic agents risperidone and
haloperidol.

[0116] Mice were treated with the compound of Example 1 at 3 mg/kg, or with haloperidol at 2
mg/kg. Mice were killed 30 minutes to 2 hours post-injection by focused microwave cranial
irradiation, which preserves brain phosphoprotein as it exists at the time of death. Nucleus
accumbens was then dissected from each mouse brain, sliced and frozen in liquid nitrogen. Samples
were further prepared for phosphoprotein analysis via SDS-PAGE electrophoresis followed by
phosphoprotein-specific immunoblotting, as described in Zhu H, et al., Brain Res. 2010 Jun 25;
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1342:11-23. Phosphorylation at each site was quantified, normalized to total levels of the protein
(non-phosphorylated), and expressed as percent of the level of phosphorylation in vehicle-treated
control mice.

[0117] The results demonstrate that the compound of Example 1 has no significant effect on
tyrosine hydroxylase phosphorylation at Ser40 at 30 minutes or 60 minutes, in contrast to
haloperidol which produces a greater than 400% increase, and risperidone which produces a greater
than 500% increase, in TH phosphorylation. This demonstrates that the Compounds of the invention
do not disrupt dopamine metabolism.

[0118] The results further demonstrate that the compound of Example 1 has no significant effect
on NR2B phosphorylation at Tyr1472 at 30-60 minutes. The compounds produce a slight increase in
GluR1 phosphorylation at Ser845, and a slight decrease in ERK2 phosphorylation at Thr183 and
Tyr185. Protein phosphorylation at various sites in particular proteins are known to be linked to
various activities of the cell such as protein trafficking, ion channel activity, strength of synaptic
signaling and changes in gene expression. Phosphorylation the Tyr1472 in the NMDA glutamate
receptor has been shown to be essential for the maintenance of neuropathic pain. Phosphorylation of
Ser845 of the GluR1 AMPA type glutamate receptor is associated with several aspects of
strengthening synaptic transmission and enhanced synaptic localization of the receptor to support
long term potentiation associated with cognitive abilities. It has also been reported that
phosphorylation of this residue results in an increased probability of channel opening.
Phosphorylation of ERK2 kinase, a member of the MAP kinase cascade, at residues T183 and Y185
is required for full activation of this kinase, ERK2 is involved in numerous aspects of cell
physiology including cell growth, survival and regulation of transcription. This kinase has been
reported to be important in synaptogenesis and cognitive function.

Example 11: Mu-Opiate Receptor Activity Assays

[0119] The compound of Example 1 is tested in CHO-K1 cells expressing hOP3 (human mu-
opiate receptor L1 subtype) using an HTRF-based cAMP assay kit (cAMP Dynamic2 Assay Kit,
from Cisbio, # 62AMA4PEB). Frozen cells are thawed in a 37 °C water bath and are resuspended in
10 mL of Ham’s F-12 medium containing 10% FBS. Cells are recovered by centrifugation and
resuspended in assay buffer (5 nM KCl, 1.25 mM MgSO4, 124 mM NaCl, 25 mM HEPES, 13.3 mM
glucose, 1.25 mM KH2PO4, 1.45 mM CaCla, 0.5 g/L protease-free BSA, supplemented with 1mM

IBMX). Buprenorphine, a mu-opiate receptor partial agonist, and naloxone, a mu-opiate receptor
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antagonist, and DAMGO, a synthetic opioid peptide full agonist, are run as controls.

[0120] For agonist assays, 12 UL of cell suspension (2500 cells/well) are mixed with 6uL
forksolin (10 uM final assay concentration), and 6pL of the test compound at increasing
concentrations are combined in the wells of a 384-well white plate and the plate is incubated for 30
minutes at room temperature. After addition of lysis buffer and one hour of further incubation,
cAMP concentrations are measured according to the kit instructions. All assay points are determined
in triplicate. Curve fitting is performed using XLf{it software (IDBS) and ECsp values are determined
using a 4-parameter logistic fit. The agonist assay measures the ability of the test compound to
inhibit forskolin-stimulated cAMP accumulation.

[0121] For antagonist assays, 12 pL of cell suspension (2500 cells/well) are mixed with 6uL of
the test compound at increasing concentrations, and combined in the wells of a 384-well white plate
and the plate is incubated for 10 minutes at room temperature. 64l of a mixture of DAMGO (D-
Ala’-N-MePhe*-Gly-ol-enkephelin, 10 nM final assay concentration) and forksolin (10 uM final
assay concentration) are added, and the plates are incubated for 30 minutes at room temperature.
After addition of lysis buffer, and one hour of further incubation, cAMP concentrations are
measured according the kit instructions. All assay points are determined in triplicate. Curve fitting is
performed using XLfit software (IDBS) and ICso values are determined using a 4-parameter logistic
fit. Apparent dissociation constants (Kg) are calculated using the modified Cheng-Prusoff equation.
The antagonist assay measures the ability of the test compound to reverse the inhibition of forskolin-
induced cAMP accumulation caused by DAMGO.

[0122] The results are shown in the Table below. The results demonstrate that the compound of
Example 1 is a weak antagonist of the Mu receptor, showing much higher ICso compared to
naloxone, and that it is a moderately high affinity, but partial agonist, showing only about 22%
agonist activity relative to DAMGO (as compared to about 79% activity for buprenorphine relative

to DAMGO). The compound of Example 1 is also shown to have moderately strong partial agonist

activity.
Compound Antagonist ICsp (nM) Agonist ECso (nM) Kg (nM)
Naloxone 5.80 - 0.65
DAMGO - 1.56 -
Buprenorphine - 0.95 -
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Cmpd. Ex. 1 641 64.5 71.4

[0123] Buprenorphine is a drug used for chronic pain treatment and for opiate withdrawal, but it
suffers from the problem that users can become addicted due to its high partial agonist activity. To
offset this, the commercial combination of buprenorphine with naloxone is used (sold as Suboxone).
Without being bound by theory, it is believed that the compounds of the present invention, which
are weaker partial Mu agonists than buprenorphine, with some moderate antagonistic activity, will
allow a patient to be more effectively treated for pain and/or opiate withdrawal with lower risks of
addiction.

[0124] In additional related study using a recombinant human MOP-beta-arresting signaling
pathway, it is found that the Compound of Example 1 does not stimulate beta-arrestin signaling via
the MOP receptor at concentrations up to 10 UM, but that it is an antagonist with an ICso of

0.189 uM. In contrast, the full opioid agonist Met-enkephalin stimulates beta-arrestin signaling with
an ECso of 0.08 uM.

Example 12: Rat Tolerance/Dependence Study

[0125] The compound of Example 1 is assessed during repeated (28 day) daily subcutaneous
administration to male Sprague-Dawley rats to monitor drug effects on dosing and to determine if
pharmacological tolerance occurs. In addition, behavioral, physical and physiological signs in the
rats 1s monitored following abrupt cessation of repeated dosing to determine whether the compound
induces physical dependence on withdrawal. Further, a pharmacokinetic study is performed in
parallel with the tolerance and dependence study to determine the plasma drug exposure levels of
the compound at the specific doses used in the tolerance and dependence study. Morphine is used as
a positive control to ensure validity of the model and as a reference comparator from a similar
pharmacological class.

[0126] The compound of Example 1 is evaluated at two doses, 0.3 and 3 mg/kg, administered
subcutaneously four times per day. Repeated administration is found to produce peak plasma
concentrations of 15 to 38 ng/mL (average, n=3) for 0.3 mg/kg dosing, and 70 to 90 ng/mL
(average, n = 3) for 3 mg/kg dosing. Peak concentration is reached at 30 minutes to 1.5 hours post-
administration with comparable results obtained on the 1st, 14th and 28th day of administration.
[0127] At both doses of the compound of Example 1, it is found that there is no significant

effect on animal body weight, food and water intake or body temperature during either the on-dose
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or withdrawal phase. The predominant behavioral and physical effects caused by repeated
administration at 0.3 mg/kg is found to be hunched posture, Straub tail and piloerection during the
dosing phase. At the higher dose, the main behavioral and physical signs observed are hunched
posture, subdued behavior, Straub tail, tail rattle and piloerection.

[0128] A similar profile of behavioral and physical signs is observed following abrupt cessation
of the compound on Day 28 of the study. While rearing and increased body tone were not observed
during the on-dose phase for at 0.3 mg/kg, it is found to be significantly increased during the
withdrawal phase. At the higher dose, mild rearing is observed during the on-dose phase, but during
the withdrawal phase, rearing is more pronounced and increased body tone is observed.

[0129] As a positive control, morphine is doses at 30 mg/kg orally twice per day. This dosing
regimen, as expected, is observed to be associated with changes in body weight, food and water
intake, rectal temperature and clinical signs consistent with the development of tolerance and
withdrawal-induced dependence. Body weight was significantly increased compared with the
vehicle-treated control group on Days 2 and 3, while it was significantly decreased from Day 5.
Morphine decreased food intake significantly on Days 1-9. Thereafter food intake is generally
observed to be lower than for the control group, but was not significantly different from controls on
Days 9, 13, 14 16, 18, 21, 22 and Day 25. These effects on body weight and food intake demonstrate
tolerance to the effect of morphine.

[0130] Water intake of the morphine-treated group is also found to be significantly lower than
the control group on 25 out of 28 days during the on-dose phase. Body temperature is also generally
lower than the control group during the on-dose phase, significantly so on Days 20, 21 and 27. The
predominant behavioral effects induced by morphine during the on-dose phase are observed to be
Straub tail, jumping, digging, increased body tone, increased locomotor activity, explosive
movements and exopthalmus.

[0131] Furthermore, withdrawal of morphine administration on Day 28 is observed to result in
an initial further decrease in food intake followed by rebound hyperphagia, with significantly
increased food intake on Day 33 versus the control group. Food intake returns to control levels by
Day 35. Similarly, rats which had previously received morphine also are observed to have an initial
reduction in water intake on Day 29, followed by rebound hyperdipsia (water consumption returns
to control levels by Day 31). In addition, statistically significant decreases in rectal body

temperature are observed during dosing, but body temperature returns to control levels during the
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withdrawal phase.

[0132] Moreover, new behavioral and physical signs are observed during the withdrawal phase
from morphine, and this demonstrates the presence of dependence. These signs include piloerection,
ataxia/rolling gait, wet dog shakes and pinched abdomen. Other abnormal behaviors observed during
the on-dose phase gradually disappear during the withdrawal phase. By Day 35, rearing was the only
behavior or physical sign observed with high incidence in the rats that had previously received
morphine.

[0133] Thus, repeated morphine administration is shown to produce clear signs of tolerance and
dependence in this study, with changes in body weight, food and water intake, rectal temperature
and clinical signs consistent with the development of tolerance and withdrawal induced dependence.
This demonstrates the validity of the study method in detecting physiological alterations during
administration and cessation of dosing.

[0134] In contrast, repeated administration of the Compound of Example 1, at both 0.3 and 3
mg/kg four times, does not produce tolerance during subcutaneous dosing for 28 days. Furthermore,
on withdrawal, a similar but decreasing profile of behavioral and physical signs is observed at the
highest dose, which is not considered to be of clinical significance. Thus, overall the Compound of
Example 1 was found not to produce a syndrome of physical dependence upon cessation of dosing.
Example 13: Oxycodone-Dependent Withdrawal Study in Mice

[0135] Oxycodone is administered to male C57BL/6J mice for 8 days at an increasing dose
regimen of 9, 17.8, 23.7, and 33 mg/kg b.i.d. (7 hours between injections) on days 1-2, 3-4, 5-6 and
7-8 respectively. On the morning of the ninth day, the mice are administered the compound of
Example 1 at either 0.3, 1 or 3 mg/kg subcutaneous. This is followed 30 minute later by either an
injection of vehicle or with an injection of 3 mg/kg of naloxone. Another cohort of mice serve as
negative controls, and instead of oxycodone, these mice are administered saline on days 1 to 8. On
day 9, these mice are administered either vehicle (followed by naloxone, as above) or the compound
of Example 1 at 3 mg/kg, s.c. (followed by naloxone, as above).

[0136] On day 9, immediately after the injection of naloxone (or vehicle), the mice are
individually placed in clear, plastic cages and are observed continuously for thirty minutes. The
mice are monitored for common somatic signs of opiate withdrawal, including jumping, wet dog
shakes, paw tremors, backing, ptosis, and diarrhea. All such behaviors are recorded as new

incidences when separated by at least one second or when interrupted by normal behavior. Animal
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body weights are also recorded immediately before and 30 minutes after the naloxone (or vehicle)
injections. Data is analyzed with ANOVA followed by the Tukey test for multiple comparisons,
when appropriate. Significant level is established at p < 0.05.

[0137] The results are shown in the Table below:

Dosing: (1) on days 1-8, | Total Number | Paw Jumps Body Weight
(2) on day 9, followed by | of Signs Tremors Loss
(3) 30 minutes later

(1) Saline; (2) Vehicle, 2.2 0.87 0 0.5%
(3) Naloxone

(1) Saline; (2) Compound | 5.3 0.12 0 0.4%
3.0 mg/kg, (3) Naloxone

(1) Oxycodone; (2) 155.1 73.6 63.2 7.8%
Compound 3.0 mg/kg,

(3) Vehicle

(1) Oxycodone; (2) 77.5 19.6 40.6 7.5%
Compound 0.3 mg/kg,

(3) Naloxone 3 mg/kg
(1) Oxycodone; (2) 62.5 14.8 34.8 6.0%

Compound 1.0 mg/kg,
(3) Naloxone 3 mg/kg
(1) Oxycodone; (2) 39.5 0.5 26.6 4.0%

Compound 3.0 mg/kg,
(3) Naloxone 3 mg/kg

[0138] Total number of signs includes paw tremors, jumps, and wet dog shakes. In oxycodone-
treated mice, it is found that naloxone elicits a significant number of total signs, paw tremors, jumps
and body weight change (p <0.0001 for each). At all doses tested, the compound of Example 1
produces a significant decrease in total number of signs and paw tremors. In addition, at 3.0 mg/kg,
the compound also produces a significant decrease in jumps and attenuated body weight loss.

[0139] These results demonstrate that the compound of Example 1 dose-dependently reduces the
signs and symptoms of opiate withdrawal after the sudden cessation of opiate administration in

opiate-dependent rats.
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Example 14: Formalin Paw Test (Inflammatory Pain Model)
[0140] Sub-plantar administration of chemical irritants, such as formalin, causes immediate pain
and discomfort in mice, followed by inflammation. Subcutaneous injection of 2.5% formalin
solution (37 wt% aqueous formaldehyde, diluted with saline) into the hind paw results in a biphasic
response: an acute pain response and a delayed inflammatory response. This animal model thus
provides information on both acute pain and sub-acute/tonic pain in the same animal.
[0141] C57 mice are first habituated in an observation chamber. 30 minutes prior to formalin
challenge, mice are administered either vehicle injected subcutaneously, 5 mg/kg of morphine (in
saline) injected subcutaneously, or the compound of Example 1 (in 45% w/v aqueous cyclodextrin)
injected subcutaneously at either 0.3, 1.0 or 3.0 mg/kg. In addition, another set of mice are treated
with the control vehicle or the compound of Example 1 at 3.0 mg/kg, via oral administration, rather
than subcutaneous injection.
[0142] The mice are then given a subcutaneous injection into the plantar surface of the left hind
paw of 20 pL of 2.5% formalin solution. Over the next 40 minutes, the total time spent licking or
biting the treated hind-paw is recorded. The first 10 minutes represent the acute nociceptic response,
while the latter 30 minutes represents the delayed inflammatory response. At one minter intervals,
each animal’s behavior is assessed using “Mean Behavioral Rating,” which is scored on a scale of 0
to 4:

0: no response, animal sleeping

1: animal walking lightly on treated paw, e.g., on tip-toe

2: animal lifting treated paw

3: animal shaking treated paw

4: animal licking or biting treated paw

Data are analyzed by ANOVA followed by post-hoc comparisons with Fisher tests, where
appropriate. Significance is established at p < 0.05.

[0143] The results are shown in the Table below.
Mean Behavior Rating (0-4) Mean Licking Time (min)
0-10 11-40 0-6 16-40 0-10 11-40 0-6 16-40
Min min min min min min min min
Vehicle 1.4 1.4 2.1 1.5 34 75 32 76
SO
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Vehicle 1.2 0.9 1.9 1.0 29 50 33 40
(PO)

Morphine | 1.1 0.2 1.7 0.2 11 0 11 0
Cmpd, SC| 1.5 1.0 2.3 1.2 31 68 34 70
0.3 mg/kg

Cmpd, SC| 1.3 1.0 1.9 1.1 26 60 26 65
1.0 mg/kg

Cmpd, SC| 0.8 0.1 1.3 0.1 14 36 11 36
3.0 mg/kg

Cmpd, PO| 0.9 0.8 1.5 0.9 11 3 9 3
3.0 mg/kg

[0144] The results demonstrate a significant treatment effect during both the early phase (0-10
min) and late phase (11-40 min) response periods. Post-hoc comparisons show that, compared to
vehicle treatment, subcutaneous injection of morphine or the compound of Example 1 (at 3 mg/kg)
significantly attenuates the pain behavior rating induced by formalin injection, as well as
significantly reducing licking time. Post-hoc comparisons also show that subcutaneous injection of
morphine or the compound of Example 1 (at 3 mg/kg), as well as the compound of Example 1 orally
(at 3 mg/kg), significantly reduces time spent licking. While the mean pain behavior rating was also
reduced using 1.0 mg/kg of compound subcutaneous and at 3.0 mg/kg oral, these effects were not
statistically significant in this study. Licking time was similarly reduced using 1.0 mg/kg of the
compound of Example 1 subcutaneously, but the result was not statistically significant in this study.
It was also found that no mice in the study underwent significant changes in body weight in any of
the study groups.

Example 15: Self Administration in Heroin-Maintained Rats

[0145] A study is performed to determine whether heroin-addicted rats self-administer the
compound of Example 1, and it is found that they do not, further underscoring the non-addictive
nature of the compounds of the present disclosure.

[0146] The study is performed in three stages. In the first stage, rats are first trained to press a
lever for food, and they are then provided with an in-dwelling intravenous jugular catheter and
trained to self-administer heroin. In response to a cue (the lighting of a light in the cage), three

presses of the lever by the animal results in a single heroin injection via the catheter. The heroin is
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provided at an initial dose of 0.05 mg/kg/injection, and later increased to 0.015 mg/kg/injection.
This trained response is then extinguished by replacing the heroin supply with saline. In the second
phase, the saline solution is replaced by a solution of the compound of Example 1, at one of four
doses: 0.0003 mg/kg/injection, 0.001 mg/kg/injection, 0.003 mg/kg/injection, and 0.010
mg/kg/injection. Each individual rat is provided with either one or two different doses of the
compound in rising fashion. This response is then extinguished with saline injections, followed by
the third phase, which repeats the use of heroin at 0.015 mg/kg/injection. The purpose of the third
phase is to demonstrate that the rats still show addictive behavior to heroin at the end of the study.

The study results are shown in the table below:

Treatment Animals (n) | Mean Lever presses
Saline Extinction 1 21 4.08

Heroin Acquisition (0.015 mg/kg/inj) 21 19.38*

Cmpd. Ex. 1 at 0.0003 mg/kg/inj 8 3.17%*

Cmpd. Ex. 1 at 0.0003 mg/kg/inj 8 3.20%*

Cmpd. Ex. 1 at 0.0003 mg/kg/inj 8 3.99%*

Cmpd. Ex. 1 at 0.0003 mg/kg/inj 8 4.87%*

Saline Extinction 2 19 3.60%*

Heroin Reinstatement (0.015 mg/kg/inj) | 19 17.08**

* P < 0.001 for heroin acquisition vs. saline extinction 1 (multiple t test); ** P <
0.001 for Cmpd of Ex. 1 vs. heroin acquisition (Dunnett’s test); P > 0.7 for all
comparisons between Cmpd. of Ex. 1 and saline extinction 1 (William’s test)

[0147] The results demonstrate that there is a statistically significant increase in lever pressing
by the rats when being administered heroin, but that there was no significant difference when being
administered saline or the compound of Example 1. Thus, the results suggest that rats do not become
addicted to the compound of Example 1.

[0148] It should be noted that this study uses the term “reinstatement” to show that the rats,
which had not shown interest in self-administering the compound of Example 1, do self-administer
heroin if it is made available. As such, “reinstatement’” here means that the animals have retained
their ability or training to intravenously self-administer heroin. However, the study results show that
rats under these circumstances do not choose to self-administer the compound of Example 1,

demonstrating that it is not psychologically rewarding to the rats (i.e., not psychologically
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addictive).

Example 16: Cue-Induced Relapse in Heroin Addicted Rats

[0149] The compound of Example 1 is also tested for its ability to reduce cue-induced
reinstatement of extinguished, heroin-reinforced lever pressing in rats. Animals will readily learn to
press levers reinforced with intravenous heroin infusion. If, after having learned this response, lever
pressing is no longer reinforced with heroin infusion for several experimental sessions (i.e.,
subjected to experimental extinction, a type of forced abstinence) responding will decrease to low
rates. Reinstatement occurs when previously extinguished responding re-emerges as a result of an
experimental manipulation. One class of an experimental manipulation that can evoke reinstatement
of responding previously reinforced by heroin infusion is presenting environmental stimuli (cues)
previously associated with heroin.

[0150] To evaluate a potential of a new drug to prevent relapse, the experimental compound is
administered preceding a test session in which responding is reliably reinstated with response-
contingent heroin-associated cues. A result in which response rates during such a test session are
reduced, relative to when a test compound's vehicle is administered, would indicate a blunting or
blocking of the ability of heroin-associated cues to precipitate relapse. A compound with such an
effect may have utility in preventing relapse to heroin abuse.

[0151] Adult male Long-Evans hooded rats (Envigo, Indianapolis, IN) weighing 275-300 g upon
delivery are used. When not in testing, rats are individually housed in standard plastic rodent cages
in a temperature-controlled (22° C) facility with ad libitum access to water. The rats are allowed to
eat standard rat show ad libitum for at least one week before the commencement of training, after
which they are maintained on 320 g of daily chow by controlled feedings. The rats are maintained
on a 12-h/12-h reversed light-dark cycle for the duration of the experiment, and they are trained and
tested during the dark segment of this cycle.

[0152] Following acclimation to the vivarium, indwelling venous catheters are implanted into
the right external jugular vein of each rat under surgical anesthesia induced with a combination of 50
mg/kg ketamine and 8.7 mg/kg xylazine. Catheters are introduced into the right external jugular
vein. Rats are allowed to recover from surgery for at least 5 days before self-administration training
began. Periodically throughout training, 5 mg/kg ketamine or 5 mg/kg methohexital is infused
through the catheters to determine patency as inferred when immediate anesthesia is induced.

Between sessions, the catheters are flushed and filled with 0.1 ml of a 25% glycerol/75% sterile
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saline locking solution containing 250 units/ml heparin and 200 mg/ml ampicillin/100 mg/ml
sulbactam. If, during the experiment, a catheter is determined to be in-patent, the left external
jugular is then catheterized, and the rat is returned to testing. During extinction and reinstatement
testing, infusions through catheters did not occur, and these catheter maintenance procedures were
not employed.

[0153] Commercially obtained test chambers equipped with two retractable levers, a 5-w house
light, and a Sonalert® tone generator (MED Associates, Inc., St. Albans, VT) are used. Positioned
above each lever is a white cue light. During each session, infusion tubing protected by a stainless-
steel spring tether connected the back-mounted pedestal implanted in each rat to a counter-balanced
liquid swivel suspended above each chamber. Infusion tubing subsequently connected the other end
of the swivel to an infusion pump that, when activated, delivered a 6-s, 0.14-ml infusion. Recording
of lever presses and activation of lights, pumps, and Sonalerts® are accomplished by a
microcomputer, interface, and associated software.

[0154] Heroin self-administration training sessions are conducted five days per week for 2 hours
daily. Each response (fixed ratio 1 reinforcement schedule; i.e., "FR1") on the right-side lever
resulted in delivery of a 0.01 mg/kg heroin infusion (0.14 ml/6 s). For the duration of the infusion,
the tone sounded, and the stimulus lights above both levers flashed at 3 Hz. Active (right-side) lever
presses during the infusions as well as all inactive (left-side) lever presses are recorded but are
without scheduled consequences.

[0155] Self-administration training continues until three criteria are met: 1) at least 12 self-
administration sessions have occurred; 2) at least 15 heroin infusions have occurred during each of
the last four sessions; and 3) at least 125-lifetime heroin infusions have been obtained, after which
extinction training begins. Subsequently, twelve 2-hour consecutive daily extinction sessions are
conducted. During extinction sessions, the house light is illuminated, and the levers are extended but
infusions are not administered and no other scheduled stimulus change occurs (i.e., neither
Sonalert® activations nor stimulus light illuminations occur). Before the last four extinction
sessions, the vehicle for the Compound of Example 1 is administered subcutaneously 30 minutes
pre-session in order to acclimate the rats to the injection procedure. Rats are considered to be
eligible for reinstatement testing provided that the mean number of active-lever presses during the
last 3 sessions of extinction is lower than the mean number of active-lever presses during the first 3

sessions of extinction. Rats that do not meet this extinction criterion are excluded from subsequent
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testing.

[0156] Reinstatement testing follow extinction training. Conditions during reinstatement testing
are identical to those during self-administration except that either doses of the Compound of
Example 1 or vehicle are administered 30 minutes pre-session and heroin self-administered
infusions do not occur. Additionally, cues previously associated with heroin infusion are presented
non-contingently for 6 seconds at the start of the reinstatement test session (i.e., at the beginning of
the session the tone sounds, and the stimulus lights above both levers flashes at 3 Hz for 6 s, and the
house-light is off). Doses of 0 (vehicle), 1, 3 and 10 mg/kg s.c. of the Compound of Example 1 are
tested using separate groups of 12 rats each. Assignment of a rat to a particular group is made
immediately after the last extinction session and is made to maximize the similarity of the number of
rats tested in each group and their lever pressing levels evoked during the last session of extinction
and on the last session of self-administration, at that point in time.

[0157] Heroin is prepared in sterile 0.9% saline and infusions are delivered in a 6-s, 0.14-ml
volume. Heparin, 5 units/ml is additionally added to heroin and saline infusates. The Compound of
Example 1 is dissolved in an aqueous 40% w/v (2-hydroxypropyl)-b-cyclodextrin vehicle, and it is
administered s.c. 30 minutes before testing in a volume equivalent to 1 ml/kg body weight.

[0158] Initially, active-lever press numbers (i.e., the right-side lever, the presses of which were
previously reinforced with heroin) on the reinstatement test day are analyzed using the Grubbs test
for outliers (Extreme Studentized Deviate), and a rat’s data is excluded from all analyses if p<0.05.
Numbers of active-lever presses occurring during the last session of self-administration and the last
session of extinction amongst groups are separately compared using individual ANOVAs. If results
with an ANOVA are found significant (p<0.05), comparisons between each group with another are
conducted using Tukey’s Multiple Comparison Tests. This analytical approach is used because the
experimental questions are whether the groups have been trained to self-administer heroin and to
extinguish responding to comparable levels before reinstatement testing. Numbers of active-lever
presses during the reinstatement test session of each drug treatment group are compared to those of
the vehicle group using uncorrected Fisher’s LSD tests. This analytical approach is used because the
experimental question is whether treatment with any of the Compound of Example 1 doses reduces
levels of reinstatement. A paired, one-tailed t-test is conducted comparing levels of active-lever
presses during the last extinction session with those during the reinstatement test session of the

vehicle group to determine if the heroin cue conditions used are capable of reinstating responding. In
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addition, numbers of inactive lever presses (i.e., presses of the left-side lever) occurring during the
test session between groups are compared using an ANOVA. If results with the ANOVA are found
significant (p<0.05), comparisons between each group with another are conducted using Tukey’s
Multiple Comparison Tests. All statistical tests are conducted using microcomputer software (Prism
7 for Macintosh, GraphPad Software, Inc., San Diego, CA), and all types of comparisons are
considered statistically significant if p < 0.05.

[0159] One of the rats had its data excluded for failing to meet the Grubbs test (a rat from the 1
mg/kg dose group). It is found that the numbers of active lever presses during the last day of self-
administration are not significantly different amongst the dose groups, indicating that the rats had
been trained to self-administer heroin to similar levels prior to extinction training. The numbers of
active lever presses during the last day of extinction are not significantly different amongst the dose
groups, indicating that the rats had been extinguished to similar levels before reinstatement testing.
It is found that the mean (+SEM) number of active lever presses during the last session of extinction
emitted by the vehicle treatment group was 9.83 (£3.1), and increased to 60.3 (+18.0) during the
reinstatement test session, which is a statistically-significant increase (p=0.0083), indicating that the
conditions used in this study effectively results in reinstatement in the vehicle-treated group.

[0160] The Table below shows the mean numbers of active lever presses emitted during the
reinstatement test session for each of the test groups. All three doses of the Compound of Example 1
significantly (p<0.05) decrease cue-reinstated responding relative to the vehicle control levels

(p=0.0133; p=0.0473; and p=0.0365 for the 1, 3 and 10 mg/kg dose groups, respectively):

Group: Vehicle 1 mg/kg Ex. 1 3 mg/kg Ex. 1 10 mg/kg Ex.1
Active lever
60.33 22.64 31.17 29.50
presses
[0161] It is also found that inactive lever presses during the reinstatement test were overall low

and not significantly different among the groups (p=0.0697).

[0162] These results demonstrate that all three doses of the Compound of Example 1
significantly reduced cue-induced reinstatement of extinguished responding previously reinforced
by heroin infusion in rats. This data strongly supports the prediction that the compounds of the
present disclosure would be effective in preventing relapse to opiate usage resulting from re-

exposure to stimuli associated with opiate abuse (e.g., cues).
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Example 17: Animal Pharmacokinetic Data

[0163] Using standard procedures, the pharmacokinetic profile of the compound of Example 1 is
studied in several animals.

Example 17a: Rat PK Studies

[0164] In a first study, rats are administered the compound of Example 1 either by intravenous
bolus (IV) at 1 mg/kg in 45% Trapposol vehicle, or orally (PO) at 10 mg/kg in 0.5% CMC vehicle
(N=3 each group). In a second study, rats are administered the compound of Example 1 at 10mg/kg
PO or 3 mg/kg subcutaneously (SC), each in 45% Trapposol vehicle (N=6 for each group). Plasma
concentrations of the drug are measured at time points from O to 48 hours post dose. Representative

results are tabulated below (* indicates plasma concentration below measurable level of

quantitation):
Study One Study Two
IV (1 mg/kg) | PO (10 mg/kg) | PO (10 mg/kg) SC (3 mg/kg)

30 min (ng/mL) 99.0 30.7 54.9 134.4
1 hour (ng/mL) 47.3 372 60.6 140.9
6 hours (ng/mL) 1.1 9.4 21.0 18.2
24 hours (ng/mL) | * 0.1 0.4 1.9
48 hours (ng/mL) | * * ND ND
Cmax (ng/mL) 314.8 372 60.6 140.9
AUC (ng-hr/mL) 182 215 409 676
Bioavailability 100% 12%
t-1/2 (hr) 3.1 9.5

Example 17b: Mice PK Studies

[0165] A similar study in mice is performed using 10 mg/kg PO administration of the compound
of Example 1, and the following results are obtained: Tmax = 0.25 hours; Cmax =279 ng/mL; AUC
(0-4h) = 759 ng-hr/mL; blood-plasma ratio (0.25-4 h) ranges from 3.7 to 6.6. The study is also
conducted at a dose of 0.1 mg/kg SC. Representative results are shown in the table below:

Study: PO, 10 mg/kg (0.5% CMC veh) SC, 0.1 mg/kg (45% Trapposol veh)

Time (hr) Plasma (ng/mL) | Brain (ng/g) Plasma (ng/mL) Brain (ng/g)
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0.25 279 1288 27.5 57.1
0.5 179 1180 31.1 71.9
1 258 989 29.2 78.5
2 153 699 14.6 38.7
4 199 734 4.7 32.6
Tmax (hr) 0.25 0.25 0.5 1.0
Cmax

279 1288 31.1 78.5
(ng/mL)
AUCO-4h

759 2491 67 191
(ng-hr/mL)
B/P Ratio 3.3 2.8

[0166] Together these results show that the compound of Example 1 is well-absorbed and
distributed to the brain and tissues and is retained with a reasonably long half-life to enable once-
daily administration of therapeutic doses.

Example 18: Self Administration in Heroin-Maintained Primates

[0167] A dose-finding study assessed the test compound (the compound of Example 1) for its
ability to modify the rate of lever pressing in two rhesus monkeys responding under a fixed-ratio
(FR) 10 schedule of food delivery. The test compound was then compared to heroin in four rhesus
monkeys responding under an FR 30 schedule of intravenous (IV) self-administration. The test
compound was studied for its ability to maintain self-administration and for its ability to modify
heroin self-administration.

[0168] Five adult rhesus monkeys (3 males, 2 females) were individually housed in a room that
was maintained on a 14/10-hour light/dark cycle, at a temperature of about 21 °C, and at a relative
humidity of about 50%. All monkeys had received drugs previously and responded on levers in
operant procedures. Monkeys received primate chow, peanuts, and fresh fruit daily in the home
cage in amounts adequate to maintain age-appropriate body weights.

[0169] For all studies, monkeys were seated in chairs that provided restraint at the neck and
arms. During experimental sessions, chairs were located in ventilated, sound-attenuating chambers
equipped with custom-made operant panels mounted on the wall of the chamber, within easy access
to the seated monkey. The panel contained two response levers and associated stimulus lights. Only

one of the levers was activated for an individual monkey; the particular lever (left or right) that was
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activated was based on the behavioral history of the animals used in this study. Pellet dispensers
were located on the outside of each chamber and, upon completion of the response requirement,
delivered 300 mg raspberry-flavored sucrose pellets to a trough mounted under the lever panel.
Infusion pumps were also located outside the chamber and were connected to an implanted catheter
with sterile tubing and a Huber point needle. The response panel and infusion pump were connected
to and controlled by an interface and computerized system. To maintain patency, catheters and ports
were flushed and locked after each session with 2.5 ml of heparinized saline (100 U/ml).

[0170] The compound of Example 1 (free base) was dissolved in 20% beta-cyclodextrin
(weight/volume) in saline for all studies except one. For that study (the ability of 1 mg/kg of the
compound, subcutaneous, to modify heroin self-administration), the compound was dissolved in
100% PEG. All doses are expressed as mg/kg body weight. Heroin hydrochloride (self-
administration study) was dissolved in 20% beta-cyclodextrin (weight/volume) in saline for the self-
administration study, or in saline alone for the pretreatment study. Doses of heroin are expressed as
the salt in mg/kg body weight. The control vehicles were saline alone or 20% beta-cyclodextrin
(weight/volume) in saline.

[0171] For the self-administration substitution study, heroin, the test compound, and vehicle
were administered IV in volumes ranging from 0.6 to 3.7 ml per infusion (corresponding to infusion
durations of 14.8 to 65.6 sec), at a flow rate of 2.3 ml/min (i.e., 30-ml syringe) or 3.4 ml/min (i.e.,
60-ml syringes), depending on the size of the syringe mounted on the infusion pump, the body
weight of the monkey, and the concentration of drug. For the pretreatment studies, the test
compound and vehicle were administered by intravenous (IV) or subcutaneous (SC) injection 15
minutes prior to the start of sessions in volumes ranging from 0.2 to 11.7 ml, depending on the body
weight of the monkey and the concentration of drug; for dose-finding studies, the test compound and
vehicle were administered IV immediately before sessions. Monkeys were weighed daily and doses
adjusted accordingly. Weights of monkeys in these studies varied from 6.1 to 11.9 kg. Solutions of
the test substance were prepared fresh daily. Solutions of heroin were prepared weekly.

[0172] For the dose-finding study, data are presented as the rate of lever pressing in responses
per second (n=2). For the self-administration study, data are presented as the number of infusions
received per 90-minute session (n=4). Data are presented for individual monkeys and for groups of
two (dose-finding study) or four (self-administration and pretreatment studies) monkeys (mean + 1

SEM). No inferential statistical analyses were performed with data from these studies.
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Dose-finding study

[0173] Monkeys were trained previously to press a lever, in the presence of a distinctive visual
stimulus, 10 times (FR 10) in order to receive a food pellet. Daily sessions comprised eight 15-
minute cycles (2 hours). A cycle began with a 10-minute timeout, during which the chamber was
dark and lever presses had no programmed consequence. After the 10-minute timeout was a
response period, signaled by the illumination of a green light, when monkeys could respond under
the FR 10 schedule for food. The response period ended and the chamber darkened after the delivery
of 10 food pellets or 5 minutes, whichever occurred first.

[0174] Test compound (0.0001-0.32 mg/kg) was evaluated in two monkeys for its ability to
decrease the rate of lever pressing for food. Test compound was administered IV through the SC
access port and implanted catheter. Tests were conducted no more often than once every four days
and only so long as responding was stable, as demonstrated by the last three sessions before the test
session in which drug was not administered. Response rate was averaged across cycles to obtain a
mean rate for each session and then averaged across the three sessions; responding was considered
stable when the rate for each individual session was >75% of the mean rate for the three sessions.

Self-administration study

[0175] Heroin (baseline) self-administration and vehicle substitution (extinction). Monkeys
(n=4) were trained to respond under an FR 30 schedule for IV heroin (0.0032 mg/kg/infusion). In
the presence of a green light, completion of every 30th response on the active lever (responses on
the inactive lever were recorded but had no programmed consequence) resulted in the delivery of an
IV infusion accompanied by a 5-second presentation of a red stimulus light. A 180-second timeout
period, during which all stimulus lights were off and responding had no programmed consequence,
followed each drug infusion. Sessions lasted 90 minutes, such that monkeys could receive a
maximum of 25-30 infusions per session, depending on performance. A “priming” (noncontingent)
infusion of heroin was delivered immediately before each session. A minimum of 5 heroin self-
administration sessions were conducted to establish stability of performance, as defined by 3
consecutive sessions in which monkeys received at least 18 infusions with the average number of
infusions received in each session not varying by more than + 20%. Thereafter, vehicle replaced
heroin (i.e., extinction) for a minimum of 4 sessions and until monkeys received fewer than 8
infusions in each of 3 consecutive sessions in which the average response rate was less than 20% of

the average response rate for sessions when heroin was available (for that individual monkey).
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[0176] Test compound substitution. On different occasions, a dose of the compound of Example
1 was substituted for vehicle (0.01, 0.032, and 0.1 mg/kg/infusion). Each dose was studied for a
minimum of 5 and a maximum of 10 sessions. A “priming” (noncontingent) infusion of the test
substance was administered immediately before each session. Following assessment of a dose of the
test substance, vehicle was available for self-administration (i.e., washout) for a minimum of 4
sessions.

[0177] Heroin self-administration retest. After completion of studies with three doses of test
compound, monkeys were again tested with heroin (0.0032 mg/kg/infusion) for a minimum of 5
sessions and according to the criterion described above.

Pretreatment study

[0178] Monkeys responded for heroin (0.0032 mg/kg/infusion) in saline for at least 3 sessions
and until responding was stable as defined above. On different occasions, vehicle or a single dose of
test compound was administered IV (0.032, 0.1, 0.32, and 1.0 mg/kg in 20% beta-cyclodextrin
[weight/volume] in saline) or SC (1.0 mg/kg in 100% PEG) 15 minutes prior to a heroin self-
administration session. Injections of test compound were separated by at least 4 sessions.

Behavioral measures recorded

[0179] Response rate (responses per second) and number of pellets received were recorded for
the dose-finding study. Number of infusions received and total drug intake were recorded for the
self-administration study.

Results

[0180] Dose-finding study: Up to a dose of 0.32 mg/kg, the test substance did not affect
responding for food. The average rate of responding for two monkeys after an injection of vehicle
was 0.95 + 0.03 responses per second. The average rate of responding after injection of the test
substance was 0.94 + 0.01 (0.0001 mg/kg), 0.98 £+ 0.08 (0.00032 mg/kg), 0.86 £ 0.11 (0.001 mg/kg),
0.92 £0.11 (0.0032 mg/kg), 0.97 £ 0.21 (0.01 mg/kg), 0.99 +0.22 (0.032 mg/kg), 0.98 £ 0.24 (0.1
mg/kg), and 0.95 £ 0.12 (0.32 mg/kg).

[0181] Self-administration study: Heroin (baseline) self-administration and vehicle substitution
(extinction). All four monkeys responded reliably for heroin at the beginning and end of the study.
The average number of infusions received per session for the last three heroin self-administration
sessions at the beginning and end of the study was 23.2 + 2.3 and 23.6 + 2.3, respectively. When

vehicle (20% beta-cyclodextrin) was substituted for heroin, responding decreased markedly. When
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the test compound was substituted for vehicle, the number of infusions received remained low and

was not statistically different from vehicle. The data is summarized in the table below.

Self-administration of heroin, vehicle, and test compound: group data

Injection (IV) Infusions per session (mean + SEM, N=4)
Heroin (0.0032 mg/kg/infusion) 23223

Vehicle 23+0.38

Compound Ex. 1 (0.01 mg/kg/infusion) 0.6+0.2

Compound Ex. 1 (0.032 mg/kg/infusion) 1.6+£0.6

Compound Ex. 1 (0.1 mg/kg/infusion) 1.5+£0.3

Vehicle 0.3+£0.2

Heroin (0.0032 mg/kg/infusion) 23.6+2.3

[0182] Pretreatment study: At the beginning and end of the pretreatment study, in sessions
preceded by an infusion of vehicle, monkeys received an average of 24.2 + 1.4 and 25.6 + 0.8
infusions per session of heroin, respectively. Up to a dose of 1.0 mg/kg IV, the test compound did
not markedly affect heroin self-administration. There also was no effect of 1.0 mg/kg of test

compound in 100% PEG administered SC on heroin self-administration.

Effects of the Compound of Example 1 on heroin self-administration: group data
Injection Infusions per session (mean + SEM, N=4)
Vehicle (IV) 242+14
Compound Ex. 1 (0.032 mg/kg IV) 248+1.1
Compound Ex. 1 (0.1 mg/kg IV) 24.8+0.8
Compound Ex. 1 (0.32 mg/kg IV) 22525
Compound Ex. 1 (1.0 mg/kg IV) 23.3+2.8
Compound Ex. 1 (1.0 mg/kg SC) 245+1.9
Vehicle (IV) 25.6+0.8
[0183] These results demonstrate that the compound of Example 1, up to a dose of 0.32 mg/kg,

did not significantly affect responding for food. Heroin maintained high rates of responding in all
four monkeys, thereby demonstrating the sensitivity of this procedure to the positive reinforcing

effects of a well-characterized mu opioid receptor agonist. When vehicle was substituted for heroin,
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responding decreased markedly, thereby demonstrating selective reinforcing effects for heroin and
not for vehicle. Up to a unit dose of 0.1 mg/kg/infusion, the test compound failed to maintain

responding that was greater than vehicle and, up to a dose of 1.0 mg/kg, the test compound did not
alter responding for IV heroin. Collectively, these results demonstrate that the test substance, at the
doses studied and by the IV or SC route of administration, has no effect on responding for food, no
apparent positive reinforcing effects, and no effect on responding for heroin. Within the conditions
examined in this study and based on the established predictive validity of self-administration

procedures in nonhuman primates, these results suggest that the compounds of the invention would

not have significant abuse liability and would not reduce the abuse-related effects of heroin.
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The claims defining the invention are as follows:

1. A method for the maintenance treatment of opioid addiction or prevention of relapse to

opioid addiction, comprising administering to a patient in need thereof a Compound of

Formula I;
L-Z

H N

N H

RrNﬁRz

Rs3
0
Formula I
R!is H;

R? and R? are independently selected from H and D;
L is propoxy;

Z is phenyl substituted by halo (e.g., F);

in free or pharmaceutically acceptable salt form.

2. The method according to claim 1, wherein the compound of Formula I is:

F

in free or pharmaceutically acceptable salt form.
3. The method according to claim 1 or claim 2, wherein the compound of Formula I is in

the form of a pharmaceutically acceptable salt.

4. The method according to claim 3, wherein the pharmaceutically acceptable salt is a

hydrochloride or toluenesulfonic acid addition salt.

5. The method according to any one of claims 1 to 4, wherein the compound of Formula I is
administered in the form of a pharmaceutical composition comprising the compound of

Formula I in admixture with a pharmaceutically acceptable diluent or carrier.
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10.

11.

12.

13.

The method according to claim 5, wherein the pharmaceutical composition is a sustained

release or delayed release formulation.

The method according to claim 5 or claim 6, wherein the pharmaceutical composition

comprises the Compound of Formula I in a polymeric matrix.

The method according to any one of claims 1 to 7, wherein the method prevents drug-

related cue-induced relapse to opioid addiction.

The method according to claim 8, wherein the drug-related cues are stress cues linked to
drug use, and wherein the stress cues are people, places, or things which the patient

associates with drug-use.

The method according to any one of claims 1 to 9, wherein the patient suffers from
anxiety or symptoms of anxiety or is diagnosed with anxiety as a co-morbid disorder, and

wherein the method does not comprise the further administration of an anxiolytic agent.
The method according to claim 10, wherein the anxiolytic agent is a benzodiazepine.

The method according to any one of claims 1 to 11, wherein the patient suffers from
anxiety (including general anxiety, social anxiety, and panic disorders), depression (for
example refractory depression and MDD), psychosis (including psychosis associated
with dementia, such as hallucinations in advanced Parkinson’s disease or paranoid
delusions), schizophrenia, migraine, pain and conditions associated with pain, including
cephalic pain, idiopathic pain, chronic pain (such as moderate to moderately severe
chronic pain, for example in patients requiring 24 hour extend treatment for other
ailments), neuropathic pain, dental pain, fibromyalgia, other drug dependencies, for

example, stimulant dependency and/or alcohol dependency.

The method according to any one of claims 1 to 12, wherein said patient has a history of
prior substance use or substance abuse with an opiate or opioid drug, e¢.g., morphine,
codeine, thebaine, oripavine, morphine dipropionate, morphine dinicotinate,
dihydrocodeine, buprenorphine, etorphine, hydrocodone, hydromorphone, oxycodone,
oxymorphone, fentanyl, alpha-methylfentanyl, alfentanyl, trefantinil, brifentanil,
remifentanil, ocfentanil, sufentanil, carfentanyl, meperidine, prodine, promedol,

propoxyphene, dextropropoxyphene, methadone, diphenoxylate, dezocine, pentazocine,
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14.

15.

16.

17.

18.

phenazocine, butorphanol, nalbuphine, levorphanol, levomethorphan, tramadol,

tapentadol, and anileridine, or any combinations thereof.

The method according to any one of claims 1 to 13, wherein the patient has previously

suffered from an opiate overdose.

The method according to any one of claims 1 to 14, wherein the patient has been

previously treated with buprenorphine and/or methadone.

The method according to any one of claims 1 to 15, wherein the patient has not been

successfully treated with buprenorphine and/or methadone.

Use of a compound of Formula I, as defined in claim 1, in free or pharmaceutically
acceptable salt form, in the manufacture of a medicament for the maintenance treatment

of opioid addiction or prevention of relapse to opioid addiction.

A compound of Formula I, as defined in claim 1, when used in the maintenance

treatment of opioid addiction or prevention of relapse to opioid addiction.
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